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PREFACE. 



In this manual the writer has endeavored to describe 
the laboratory technique which the beginner must follow, 
and at the same time to give a concise summary of the 
facts in bacteriology most important to the physi<}ian. In 
preparing a work of this character, which claims to be 
nothing more than a compilation, the standard text-books 
were necessarily consulted freely. On account of the need 
for brevity it has, in most cases, been impossible to men- 
tion authorities. 

The writer is glad to have this opportunity to acknowl- 
edge his obligation to the works of Sternberg, Fliigge, 
Giinther, Eisenberg, Abbott, Muir and Ritchie, Vaughan and 
Novy, and McFarland ; and to numerous papers by Prof. 
Welch and others. It is thought that the chapters on 
Germicides, and Surgical Disinfection, by Drs. Thos. B. 
Carpenter and Chauncey P. Smith, will be useful not only 
for the information presented in them, but especially in 
correlating that information with the facts of bacteriology. 

Buffalo, New York, 

October, 1898. 



268452 



(iii) 



Digitized by 



Google 



Digitized by 



Google 



CONTENTS. 

PAGE 

-Intboduction, 9 

PART I. 

BACTERIOLOGICAL TECHNIQUE. 
CHAPTER I. 
Examination of Bacteria with the Microscope, including Methods of 

Staining, 17 

CHAPTER IL 
Sterilization, 42 

CHAPTER in. 
Culture-media, 51 

CHAPTER IV. 
The Cultivation of Bacteria, 62 

CHAPTER V. 
The Cultivation of Bacteria (Continued), 73 

CHAPTER VI. 
Inoculation of Animals, 80 

CHAPTER VII. 

Collection of Material, 83 

PART II. 

CHAPTER I. 

Classification ; General Morphology and Physiology of Bacteria, . . 87 

CHAPTER II. 
Products of the Growth of Bacteria, 96 

CHAPTER III. 
Systematic Study of a Species of Bacteria, 101 



(v) 



Digitized by 



Google 



VI CONTENTS. 

CHAPTER IV. 

PAGE 

Distribution of Bacteria— Soil, Air, Water, Foods, .... 104 

CHAPTER V. 
Bacteria of the Normal Human Body, 120 

CHAPTER VI. 
Bacteria in Disease, .......... 125 

CHAPTER VII. 
Toxins, 138 

CHAPTER VIII. 
Immunity, 142 

CHAPTER IX. 

Disinfectants and Antiseptics. By Thomas B. Carpenter, M.D., . . 150 

CHAPTER X. 

Preparation of Instruments, Ligatures, Dressings, etc., for Surgical 

Purposes. By Chauncey P. Smith, M.D., .... 166 



PART III. 

NON-PATHOGENIC BACTERIA, 171 

PART IV. 

PATHOGENIC BACTERIA. 

Suppuration and Allied Conditions, 181 

Staphylococcus pyogenes aureus, 188 

" '' albus, 190 

** epidermidis albus, 190 

Streptococcus pyogenes, 191 

'' of Erysipelas, 192 

Micrococcus tetragenus, 193 

" lanceolatus (of Pneumonia), 194 

Diplococcus intracellularis meningitidis, . . . . . . 197 

Micrococcus of Gonorrhea, 198 

Bacillus pneumoniae (of Friedlander), 200 

** of Rhinoscleroma, 201 

" pyocyaneus, 202 



Digitized by 



Google 



CONTENTS. VU 

PAGE 

Bacillas proteus, 203 

" pyogenes fetidue, 204 

" of Bubonic Plague, 204 

" aerogenes capsulatus, 206 

" of Malignant Edema, 206 

" of Tetanus, 208 

'' of Anthrax, 210 

*' of Influenza, 214 

'* of Diphtheria, 214 

'' tuberculosis, 220 

" of Leprosy, 227 

** mallei (of Glanders), . .228 

Actinomyces, 230 

Bacillus of Typhoid Fever, 231 

" coli conmiunis, 237 

" lactis aerogenes, 240 

Spirillum of Asiatic Cholera, 240 

Spirilla Allied to the Spirillum of Asiatic Cholera, .... 247 

Spirillum of Relapsing Fever, 250 



Digitized by 



Google 



Digitized by 



Google 



LIST OF ILLUSTRATIONS. 



FIG. PAOB 

1. Micrococci, Bacilli, Spirilla, 12 

2. Test-tube with Gultore-mediamy , 14 

3. Microflcope, 18 

4. AbW Condenser, 19 

5. Platinum Wires, 21 

6. Hanging-drop, 22 

7. Comet Forceps for Cover-glasses, 24 

8. Stewart Forceps for Cover-glasses, 24 

9. Scljianze Microtome, 35 

10. Needles for Handling Sections, 36 

11. Section-lifter, 37 

12. Hot-air Sterilizer, 43 

13w Arnold Steam Sterilizer, 45 

14. Massachusetts Board of Health Sterilizer, 46 

15. Koch Steam Sterilizer, . .; 47 

16. Autoclave, 49 

17. Kitasato Filter, 50 

18. Wire Basket for Slanting Culture-media, 55 

19. Test-tube with Potato, 56 

20. Wire Basket for Test-tubes, 60 

21. Manner of Holding Test-tubes, 63 

22. Stab-culture, 64 

23. Smear-culture, 64 

24. Incubator, 66 

25. Beichert Gas-regulator, 67 

26. Gas-regulator, 67 

27. Koch Automatic Gas-burner, 68 

28. Buchner^s Method for Cultivating Anaerobes, .... 69 

29. FrankePs '' " *' .... 69 

30. Novy's '* '* '* .... 71 

31. Petri Dish, 75 

32. " " 75 

33. Esmarch^s Roll-tube, 77 

34. Mouse-holder, 80 

35. Cover-glass Preparation of Blood, . , 84 

36. Sternberg Bulb, . 85 

37. Micrococci of Various Forms, 88 

(ix) 



Digitized by 



Google 



X LIST OF ILLUSTRATIONS. 

FIG. PAGE 

38. Bacilli of Various Forms, 89 

39. Spirilla of Various Forms, 89 

40. Bacteria with Capsules, 90 

41. Culture Showing Liquefaction of Gelatin, 97 

42. Fermentation-tube, 99 

43. Sedgwick-Tucker Aerobioscope, 107 

44. Wolffhiigel Plate for Counting Colonies, Ill 

45. Black Surface for Counting Colonies, . . . . .112 

46. Bacillus subtilis, 175 

47. Penicillium glaucum, Oidium lactis, Aspergillus glaucus, Mucor 

mucedo, 179 

48. Yeast Cells, 180 

49. Staphylococcus pyogenes aureus in Pus, 183 

50. '' " Culture in Gelatin, . . .188 

51. Streptococcus pyogenes, 191 

52. '' " Culture on Agar, 192 

53. Micrococcus tetragenus, 193 

54. " lanceolatus (of Pneumonia), 194 

55. Diplococcus intracellularis meningitidis, 197 

56. Gonococcus in Pus, 199 

67. Bacillus of Malignant Edema, 206 

58. " " " Culture, 207 

59. '' of Tetanus, 208 

60. '' " Culture, . 209 

61. '' of Anthrax, 210 

62. '' " with Spores, 211 

63. '' '' Involution Forms, 212 

64. '' '' Culture, 212 

65. '* " in the Liver, 213 

66. '' of Diphtheria, . . 215 

67. Tubes for Cultivation of Diphtheria Bacillus, .216 

68. Bacillus tuberculosis, 220 

69. '* " Stained, in Sputum, 221 

70. '* of Glanders, 228 

71. ** of Typhoid Fever, 232 

72. " " " with Flagella, 233 

73. '' coli communis, . . . * 238 

74. Spirillum of Cholera, 241 

75. *' ** Colonies on Gelatin -plates, .242 

76. '' '' Culture in Gelatin, 243 

77. Vibrio Metschnikovi, 248 

78. Spirillum of Relapsing Fever, 251 



Digitized by 



Google 



INTRODUCTION. 



Anyone who has not himself worked in a bacteriological 
laboratory finds it difficult to form a vivid conception of 
what bacteria are like, because among the familiar animals 
and plants there are none with which a close comparison 
oan be made. Of the common organisms, perhaps ordi- 
nary yeasts and moulds are most like the bacteria. Yeasts 
and moulds, as everyone knows, grow on bread, cheese, 
meat, syrups and the like. They flourish in moist and 
dark places, as do mushrooms, pufi^balls and the other 
fungi. All these fungi, appearing so difierent in some re- 
spects, are alike in one particular, which is the absence of 
the green color that we are apt to think of as being the 
essential feature of vegetation. Plants that are green owe 
their color to a substance called chlorophyll. TJpon the 
properties of this substance one of the most fundamental 
facts in biology depends. Under the influence of sunlight, 
by means of chlorophyll, plants are able to use as food the 
carbon dioxide which is always present in the atmosphere 
in small amounts. Although carbon dioxide is one of the 
most simple and stable of compounds, the union of its com- 
ponent elements is broken by the plant, and they are em- 
ployed in the formation of other much more complex and 
unstable compounds, such as starch and cellulose, which 
enter into the plant structure. The work of plants, it will 
be noticed, is, in the main, precisely the reverse of that per- 
formed by animals. Animals take the unstable carbohy- 
drates with high potential energy, such as starches and 
sugars, as food, and exhale the stable carbon dioxide from 
the lungs. At the same time the animal receives the bene- 
2 (9) 
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10 MANUAL OF BACTERIOLOGY. 

fit of the energy resulting from the oxidation of the carbo- 
hydrates, which may appear indirectly in the form of nerv- 
ous or muscular activity or warmth. 

Those plants that are devoid of chlorophyll are compelled 
to some extent to use the same kinds of food as animals. 
They are unable to decompose carbon dioxide (in most 
cases), and pracure their nourishment from the dead or 
living bodies of other plants or animals. Since they have 
no chlorophyll, light is of no advantage to them, and is 
often a positive detriment. Bacteria contain no chlorophyll^ 
and are usually classed with the fungi, which they resem- 
ble in their inability to decompose carbon dioxide and to 
use it as food.* 

There is another well-known property, possessed by yeasts 
especially, which may be useful in explaining the work 
done by bacteria. It is a fact of every-day observation 
that, when yeasts grow in dilute solutions of sugar, alcohol 
and gas are formed. It not only appears that bacteria 
sometimes form alcohol and gas from sugar, but that with 
different kinds of bacteria and different kinds of food ma- 
terial a great number of substances are made, some of 
which are of immense importance in producing disease. 

The extreme smallness of the bacteria prevents us from 
seeing them as individuals without the aid of the micro- 
scope, although great numbers of them taken together may 
form a plainly visible mass or growth. When they are 
examined with the microscope they appear as little round, 
rod-shaped or curved bodies, which may be likened to sa 
many periods, dashes and commas. It is at once perceived 
that each bacterium is an individual by itself, and that it 
consists of a single cell, not of an aggregation of cells, as 
do most of the common plants and animals. 

Under favorable conditions bacteria may be seen to mul- 

* See Chapter I., Part II. 
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INTRODUCTION. 11 

tiply, one organism being divided by a partition into two 
parts, which separate and become two new organisms. The 
process is called fission. 

At times certain bacteria present little bright spots which 
enlarge, and from which the rest of the cell breaks away 
in fragments. The bright body that remains is called a 
spore^ and has greater resisting power against injurious 
influences than has the fully developed organism. To this 
extent these spores are something like the seeds of higher 
plants. There are spores that can withstand boiling for 
hours, but fortunately that is not true, as far as we know, 
of the spores of any of the bacteria that produce disease. 
The earlier investigators observed the appearance of bac- 
teria in nutrient infusions which they had endeavored to 
sterilize by heat. They looked upon this fact as indicating 
the possibility of spontaneous generation^ and it furnished the 
chief support of that theory. Probably their fluids con- 
tained very resistant spores, and were in fact not sterile. 

From these facts, a definition for bacteria may be formu- 
lated. 

Bacteria (Greek ^anxripiov^ meaning a little stick) are ex- 
tremely minute^ unicellular plants^ which have no chlorophyll^ and 
which divide by fission. They are sometimes called schizo- 
mycetes. In every-day language they are known as microbes^ 
and also as germs. They are generally classed with the fungi. 
In some respects they seem quite closely related to the 
algse or simplest green plants, and, on other hand, they 
have strong points of likeness with some of the unicellular 
animals belonging to the infusoria. 

Bacteria are divided into three great groups : 

Micrococci^ or cocd^ (singular, coccus) — spherical forms. 

* Pronounced kok-si or kok-ke, preferably the former : see Webster's In- 
ternational, Century, and Standard Dictionaries, and Foster's and Keating' s 
Medical Dictionaries. The writer knows of no authority for the prevailing 
pronunciation kok-k!. 
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12 MANUAL OF BACTERIOLOGY. 

BaciUi (sing., bacillus) — ^long and straight, or rod-shaped 
bacteria. 

Spirilla (sing., spirillum) — consisting of spiral filaments 
like the turns of a corkscrew, or parts of spirals shaped 
like commas. 

The extreme smallness of the bacteria is hard of com- 
prehension. We may say, of most of them, that from 6000 

to 26,000 placed end to end would 

^,%l W^ make a line about an inch in 

^T^ — ^ \ *-\ -O length. When one touches a 

ffrowth of bacteria with the ster- 

tllcrococd Bacilli Spirilk f;. , , . . , , 

ilized platinum wire and spreads 

FlG.l. _ . ^ . _ __ ^ 

the tmy portion that adheres to 
the wire upon a slip of glass, it is found upon examination 
with the microscope that the bacteria left on the glass may 
be compared to the stars in the sky, the sands on the shore, 
or any of the other standard similes for numbers that are 
nearly beyond computation. 

It is well known that bacteria are present on most of the 
objects about us. They occur on the skins of men and 
other animals, as well as in the mouth, stomach and intes- 
tines, and on most of the surfaces of the body that open to 
the external world. They are found in the water of rivers, 
lakes, and in the ocean. They appear in the soil down to a 
depth of several feet. They float in the air, except at high 
altitudes and over the ocean. Investigators have even re- 
ported finding them fossilized, indicating, as we might ex- 
pect, that they existed at remote periods in the earth's his- 
tory. It has been humorously suggested that the imps that 
escaped from Pandora's box were in reality bacteria. But 
the vast majority of them are entirely harmless as far as we 
are concerned, and many of them are indispensable in main- 
taining the balance existing between the different kinds of 
living things. 
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INTRODUCTION. 13 

Were it not for the putrefactive and nitrifying bacteria 
the dead bodies of plants and animals would lie practically 
unchanged where they fell, and the fertilization of the soil 
necessary for the life of most plants, by means of substances 
derived from them, would cease. 

Some bacteria have been made to do work in industries, 
like the bacilli whose growth in cream imparts an agree- 
able flavor to the butter. 

The study of bacteria has led to the understanding of 
•many hitherto unexplained facts. The unaccountable de- 
velopment of a moist, brilliant red deposit on bread and 
other articles of food, which was formerly believed by the 
superstitious to be blood, deposited by some miraculous 
agency, we know to be due to the growth of a common or- 
ganism (bacillus prodigiosus). 

It seems that in some cases in which death was attributed 
to the suction of air into the veins, because air appeared to 
be present inside the heart, the air was in reality a gas, 
formed by certain bacilli that invaded the body just before 
or just after death (bacillus aerogenes capsulatus). 

Woodhead tells us that some savages are in the habit of 
smearing the soil of certain localities upon their arrows for 
an arrow-poison, which is intelligible in the light of the fact 
that soil often contains the bacilli of tetanus (lockjaw). 

The comparatively small number of species of bacteria 
that cause disease are the ones that interest us most, and are 
those which have been most carefully studied. The neces- 
sity that falls upon bacteria, in common with other fungi, 
to derive their food from organic matter makes it easy to 
understand that they should frequently exist as parasites 
upon living animals and plants. Pear-blight is caused by 
bacteria. We find that frogs, birds, cattle and a great 
number of animals besides men sufifer from diseases pro- 
duced by bacteria. 
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14 MANUAL OF BACTBRIOLOGY. 

When bacteria are placed upon nlips of glass they may be 
studied with the microscope while alive. Some of them 
when living are motionless; others wriggle vigorously. 
Some dart about like minnows in a stream, or they make 
their way slowly across the field of the microscope like a 
boat that is being sculled from the stern. By proper 
methods it can be shown that the movements are eftected 
through one or more fine, hair-like processes, called flagella. 
Oftener it is expedient to study them after drying them 
on slips of glass, when they may be made more 
conspicuous by giving them an artificial color 
^ (staining). Some of the substances of which 
bacteria are composed readily absorb certain 
dyes. For this purpose the aniline dyes are 
used, and their employment has been one of the 
important factors in making progress in bacteri- 
ology possible. 

With the microscope alone it is not usually 
practicable to distinguish accurately between 
various kinds of bacteria. Micrococci, for in- 
stance, which are, in reality, extremely difier- 
ent, may look very much alike. The differences 
are usually apparent when the bacteria are 
grown artificially. The cultivation is done for 
the most part in test-tubes containing some 
material which furnishes suitable food. The 
FIG. 2. -Teat- nutricut materials most used are meat-extract 
in^cuu^ie- and peptone, which, dissolved with salt in water, 
medium. constitute nutrieut bouillon. Ordinary ^^^a^m, or a 
vegetable gelatin called agar-agar, may be added to the 
bouillon when a solid culture-medium is desired. Before 
these substances can be used for the cultivation of bacteria 
all other bacteria which they might contain must be de- 
stroyed by heat. 
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INTRODUCTION. 15 

When bacteria are to be conveyed from one tube to 
another, or from a tube to a glass slide, in order to examine 
them with the microscope, the manipulation is performed 
on a platinum wire fastened into a glass rod. The rules 
laid down for the management of the tubes and the pla- 
tinum wire (pages 21 and 62) must be carefully followed. 
There is no danger in bacteriological work if the proper 
precautions are conscientiously observed ; but carelessness 
may lead to disastrous and even fatal results, as has hap- 
pened more than once. 

Finally, the effects of bacteria in bringing about disease 
may be tested on the lower animals. The proof that a par- 
ticular species of bacteria causes a particular disease cannot 
be considered complete unless the disease can be repro- 
duced by introducing these bacteria into some animal. 

The student who wishes to pursue bacteriological study 
in any direction farther than it is possible for the limits of 
a short manual to go, may, besides consulting the large 
text-books, obtain much assistance from periodical literature. 
The Journal of Experimental Medicine^ published in this 
country, and the English Journal of Pathology and Bacteri- 
ology will give a great deal that is valuable. 

A reading knowledge of German and French is very de- 
sirable. The Centralblatt filr Bacteriologies etc., a German 
weekly, and Baumgarten's Jahresbericht der Mikroorganis- 
menlehre contain abstracts of most of the important re- 
searches made in all parts of the world. 
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PART I. 



CHAPTER L 

EXAMINATION OF BACTERIA WITH THE MICROSCOPE, INCLUDING 
METHODS OF STAINING. 

The Microscope. — The microscope consists of a tubular 
body which carries the optical parts, and which can be 
raised or lowered for focusing. The objectives should be 
three in number, and should be attached to the body by 
means of a triple nose-piece, which permits any objective 
to be turned into the optical axis as desired. The eye-piece 
slips into the upper and opposite end of the body or tube. 
The arrangements for focusing consist of a rack and pinion 
which accomplish the coarse adjustment, and a more deli- 
cate fine adjustment. The stage, upon which the objects 
to be examined are placed, has an opening in the middle. 
In this opening an iris diaphragm and Abbe condenser are 
inserted. The iris diaphragm enables one to alter the size 
of this opening as desired. Beneath the stage is a mov- 
able mirror, of which one side is plane and the other con- 
cave. All of these parts are supported on a short, heavy 
pillar which is fixed in the horseshoe-shaped base. 

The essential parts of the microscope are, of course, the 
eye-piece (German, Ocular), and the objective. Objectives 
are given various names by diflferent makers, for instance, 
A, B, C, etc., or 1, 2, 3, etc. ; or they are named according 
to their focal distances, as f inch, J inch, J inch, etc. In 
bacteriological work a rather "low power" f or f inch 
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18 MANUAL OF BACTERIOLOGY. 

objective, an ordinary " high power " i to J inch dry objec- 
tive, and a high power ^Jy inch oil-immersion objective are 
needed. The magnification with the f or | inch objective 
is about 76 to 100 diameters ; with the i to J inch 300 to 



Fig. 3.— Microscope. 

500 diameters ; with the -^-^ immersion 750 to 1000 diame- 
ters. The magnification varies according to the eye-piece 
used, as well as with the objective. A 1 inch and IJ inch 
eye-piece (Zeiss Ifo. 2 and Ifo. 4) serve well for most pur- 
poses. The oil-immersion objective is used in the exami- 
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EXAMINATION OF BACTERIA WITH THE MICROSCOPE. 19 

nation of bacteria where a very high power is desired. A 
layer of thickened oil of cedar-wood is placed between the 
lower surface of the objective and the upper surface of the 
glass covering the object under examination. The oil must 
be wiped away from the surface of the objective when the 
examination is finished. For this purpose the soft paper 
sold by dealers in microscopical apparatus serves admirably. 
Care must be taken not to scratch the lower surface of this 
objective. Oil of cedar-wood furnishes a medium having 
nearly the same refractive index as the glass of the lens and 
the glass on which the object is mounted, and it obviates the 
dispersion of light which takes place when a layer of air is 
interposed between the objective and the object, as happens 



Fig. 4.— Abb6 Condenser. 

with the ordinary dry lens. This objective is used in con- 
nection with the Abbe condenser, which consists of two or 
three lenses combined so as to focus the rays coming from 
the plane mirror upon the object. The condenser gives a 
very intense illumination over a very small field. The con- 
denser is not necessary excepting with the oil-immersion 
objective. If it is used with the other objectives the illumi- 
nation must be regulated by lowering the condenser, closing 
the diaphragm more or less, and substituting the concave 
for the plane mirror. The eye-pieces are usually named 
arbitrarily, like the objectives. It is to be remembered that 
more depends upon securing a distinct picture than upon a 
very high magnification of the object. 

The microscope should be placed in front of the observer 
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on a firm table. The observer should be able to bring the 
eye easily over the eye-piece when the tube of the microscope 
is in a vertical position. Daylight should be taken if pos- 
sible. When artificial illumination is necessary, an ordinary 
lamp, a Welsbach burner or an incandescent electric light 
may be used. It is best to modify the artificial light by 
inserting a sheet of blue glass between the light and the 
mirror. 

In order to focus upon any object, having first secured a 
satisfactory illumination with the mirror, it is best, begin- 
ning with the low power and using the coarse adjustment 
for focusing, to bring the objective quite close to the object, 
and then, with the eye in position, to raise the tube until 
the object comes into focus. The exact focusing is done 
with the fine adjustment. The observer should keep both 
eyes open when using the microscope, and should be able to 
use either eye at will. 

All measurements of microscopic objects are expressed 
in terms of a micromillimeter. This is one-thousandth of a 
millimeter (.001 m.m.), which is about - ^sooo ^^ ^^ ^^ inch. 
It is generally called a micron for short, and is denoted by 
the Greek letter ai. For example, bfi = .006 m.m. = ^-^^ 
inch. 

The Preparation of Specimens of Bacteria for Exami-^ 
nation with the Microscope. — The substance under exami-- 
nation is usually placed upon thin slips of glass called 
cover-glasses. The material is spread over the cover-glass 
by means of a platinum wire which has been fixed in a glass 
rod. Such a platinum wire is used constantly in doing bac- 
teriological work. It is the tool by means of which one is 
able to handle bacteria with impunity. It serves in fact as 
a kind of additional finger. The platinum wire must be 
stiff enough not to bend too easily, and yet it should not be 
so large that it will not cool rapidly after heating. The wire 
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may be straight throughout its length, or the tip may be 
bent to form a loop (German, Oese). It is well to follow, 
from the beginning, certain rules which make the use of the 
platinum wire safe and accurate. Every time it is taken 
into the hand and before using it for any manipulation it 
should be heated in the flame of a Bunsen burner or an 
alcohol lamp to a red heat ; and always, after using and 
before putting it wn, it should again be heated to a red 
heat. After the needle has become wet by dipping it in a 
fluid and is to be sterilized in the flame, it is necessary to 
avoid " sputtering " of the fluid by bringing the wet needle 
gradually to the flame, so as to dry the material adhering to 
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FiiJ. 5.— Straight Platinum Wire and Platinum Wire Loop. 

it before burning it. This precaution is especially important 
when the wire has been dipped in milk or other substances 
containing oil. When the needle " sputters," as it is called, 
from too rapid heating, particles that have not yet been ster- 
ilized may be thrown some distance. On no account should 
the needle touch any object other than that which it is in- 
tended it should touch. With such a platinum wire, which 
has been properly sterilized, one can easily remove portions 
from a culture of bacteria, or from a fluid in which bacteria 
are supposed to be present. The glass rod in which the 
platinum wire is fixed should be held between the thumb 
and forefinger of the right hand like a pen. (For the man- 
ner of holding test-tubes, see page 62.) 
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The Hanging-drop. — Living bacteria may be studied with 
the microscope while suspended in some fluid substance. 
The needle having been sterilized in the flame and having 
been allowed to cool, a small portion of the culture or other 
material may be removed with it and deposited in the center 
of an ordinary cover-glass. When cultures on solid media 
are to be examined, a small particle may be mixed with a 
drop of sterilized water or bouillon. The cover-glass should 
have been carefully cleaned and sterilized over the flame. 
The cover-glass with the small drop of fluid material held 
in sterilized forceps is now to be inverted over a sterilized 
glass slide, which has a concavity ground in the middle of 
it. Around the concavity, the slide should be smeared with 
vaseline. In this manner a small air-tight chamber is made. 
This slide and cover-glass may be put upon the stage of the 



Fig. 6.— Diagram of the Hanging-drop. 

microscope. A good dry lens, if of sufficiently high power, 
is more conveuLent for examining the hanging-drop than an 
oil-immersion. If the latter be used, having placed a drop 
of cedar-oil on the center of the cover-glass, and a good 
light having been secured, the oil-immersion objective should 
be brought down upon this drop of oil. The beginner 
often experiences difficulty in focusing upon a hanging-drop. 
It is well to shut off* most of the light by means of the iris 
diaphragm. Often it is well to secure the focus roughly 
upon the extreme outer edge of the chamber, or to find the 
edge of the drop of fluid with the low power and then to 
focus upon this edge with the oil-immersion objective. 
Above all things guard against breaking the cover-glass by 
forcing the objective down upon it. The motility of certain 
bacteria is one of the most striking phenomena to be ob- 
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served in the hanging-drop. It is not to be confused with 
the so-called " Brownian movement " which is exhibited by 
fine particles suspended in a watery fluid. It is well for the 
beginner to observe the character of the Brownian move- 
ment by rubbing up some carmine in a little water, and with 
the microscope to study the trembling motion exhibited by 
these particles of carmine. It will be noticed that, although 
the particles oscillate, no progress in any direction is accom- 
plished unless there are currents in the fluid. Such cur- 
rents might give rise to the impression that certain bacteria 
possessed motility when they were, in fact, powerless to move 
of themselves. In the hanging-drop the multiplication of 
bacteria can be studied, the formation of spores and the 
development of spores into fully formed bacteria. The 
hanging-drop has recently been put into service for the 
demonstration of the so-called Widal serum reaction with 
the bacillus of typhoid fever. Sometimes bacteria must be 
watched in the hanging-drop for hours, or even days, and it 
may be necessary to keep it at the temperature of the human 
body for this length of time. Various complicated kinds 
of apparatus have been devised for this purpose, "but they 
are needful only with special kinds of work. When the 
hanging-drop preparation is no longer required, the slide 
and cover-glass should be dropped into a 5 per cent, carbolic 
acid solution and afterward sterilized by steam. 

Cover-glass Preparations — The study of bacteria with 
the microscope is for the most part done by means of smears 
made upon thin slips of glass. Such slips of glass are 
generally called cover-glasses. It is best to obtain the 
kind sold by dealers as No. 1, f inch squares. 

The cover-glass may be cleaned by immersion in a mix- 
ture of sulphuric acid and bichromate of potassium solu- 
tion, and afterward washed thoroughly in distilled water, 
and finally in alcohol. A stock of clean cover-glasses may 
be kept in a bottle of alcohol. 
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Before using, the cover-glass is to be wiped clean with a 
piece of linen cloth. Whenever it is taken into the fingers 
it should be held by the edges, never by the flat surfaces. 
As far as possible it should be handled with the forceps. 
It can be used very conveniently in the form of forceps 
known as the Cornet forceps, or in the modification devised 
by Stewart. Bacteria may be placed upon the cover-glass 
by allowing the glass to fall upon one of the colonies of bac- 




FiG 7.— Cornet Forceps for Cover-glasses. 

teria, on a gelatin or agar plate (see page 74), which will 
adhere to it in part, producing an *^ impression prepara- 
tion " (German, Klatschpreparat). Such a preparation, after 
drying in the air, is to be fixed by passing it through the 
flame three times. (See below.) 

Q-enerally bacteria contained in fluids, like sputum, or 
taken from the surface of a culture, are smeared over the 





Fig. 8.— Stewart Forceps for Cover-glasses. 

cover-glass by means of the platinum wire or loop. Such 
preparations are called smear, cover-glass, cover-slip, or 
film preparations. When the material to be spread is thick 
or very viscid, a small drop of distilled water must first be 
placed in the center of the cover-glass so as to dilute it. 
Beginners generally take too much material on the wire. 
As thin a smear as possible is made. It is allowed to dry 
in the air ; this should occupy a few seconds. The drying 
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may be hastened by holding the forceps with the cover- 
glass a long distance above the flame, at a point where the 
heat would cause no discomfort to the hand. Having dried 
the preparation, it is to be passed through the flame of a 
Bunsen burner or alcohol lamp three times, taking about 
one second for each transit. The heat of the flame serves 
to dry the bacteria upon the cover-glass and fix them per- 
manently in position. Such a preparation may be stained 
with one of the aniline dyes, and after washing in water 
and drying may be mounted, face down, in Canada balsam 
upon a glass slide. It makes a suitable object to be exam- 
ined with the oil-immersion objective. The slide is a thin 
slip of glass, 3 inches by 1 inch, with ground edges. 

The smear preparation may equally well be made di- 
rectly upon the glass slide. The fixation in the flame must 
then occupy a longer time than with the small and thin 
cover-glass. Such preparations have the advantage that 
several may be made upon one slide, and that after stain- 
ing them they may be examined in cedar-oil, with the oil- 
immersion lens, without the use of the cover-glass and 
Canada balsam. 

When very virulent pathogenic bacteria are being han- 
dled, after fixation by heat upon the slide or cover-glass, 
the preparation may, if desired, be immersed in 1-1000 
solution of bichloride of mercury long enough to kill the 
bacteria, without injuring the preparation or its staining 
properties. 

Staining. — The staining of bacteria is done for the most 
part with the aniline dyes. The object of staining bacteria 
is to give them artificially some color which makes them 
distinct and easily visible without imparting this color to 
the substance or medium in which they are imbedded. 
The substances known as aniline dyes are derivatives of 
coal-tar, but not always of aniline. These dyes are of great 

3 
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importance in bacteriological work. Their number is very 
large, but only a few are in common use. It is important 
to have the purest, and those manufactured by Griibler 
are reliable. 

It is simplest to classify the aniline dyes as acid or basic. 
Eosin, picric acid and acid fiichsin are acid dyes ; they tend 
to stain the tissue diffusely. Fuchsin, gentian-violet and 
methylene-blue are basic dyes ; they have an affinity for the 
nuclei of tissues and for bacteria ; they therefore are the 
dyes used chiefly in bacteriological work. The other varie- 
ties may be employed as contrast-stains ; another contrast- 
stain frequently used is Bismarck brown. It is best to keep 
on hand saturated solutions of the aniline dyes in alcohol, 
from which watery solutions may be made when needed by 
adding a few drops of the alcoholic solution to a small dish 
filled with water. The alcoholic solution is diluted about 
ten times, or so as to make a liquid which is just transparent 
in a layer about 12 m.m. thickness, after filtering. 

Method of Staining Cover-glass Preparations. — {a) A 
smear preparation of bacteria having been made in the 
manner above described, and a watery solution of either 
fuchsin, gentian-violet or methylene-blue having been pre- 
pared, the cover-glass is to be dropped into a dish contain- 
ing the dye, or the dye may be dropped upon the cover- 
glass held in the forceps. 

(6) Allow the stain to act for about thirty seconds. 

{c) Wash in water. 

{d) Examine with the microscope in water directly or 
after drying and mounting in Canada balsam. 

Preparations that are mounted at first in water may be 
made permanent by moistening the edge of the cover-glass 
so that it may easily be removed from the slide, then dry- 
ing and mounting in Canada balsam. Cover-glass prepara- 
tions which have been stained are examined with the oil- 
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immersion objective, employing the plane mirror, having 
the iris-diaphragm open and the condenser close to the 
lower surface of the glass slide. The purpose is to obtain 
the most intense illumination possible over a small field. 
The rapidity and intensity of staining may be increased by 
warming slightly. The watery solutions of aniline dyes 
prepared as above described deteriorate in a short time, 
and it is best to prepare them freshly each time they are re- 
quired. A very useful solution, which is permanent, is 
Loffler^s alkaline methylene-blue : 

Concentrated alcoholic solution of methylene blue, . 30 c.c. 
Potassium hydrate (caustic potash) l-l 0,000 watery so- 
lution, 100 C.C. 

Loffler's methylene-blue is a very useful stain for gen-- 
eral purposes. It is perhaps more in use than any other 
formula for coloring the diphtheria bacillus. 

Aniline-water Staining Solutions. — The intensity with 
which aniline dyes operate may be increased by adding 
aniline oil to the solution : 

Aniline oil, 5 c.c. 

Water, 100 c.c. 

Mix, shake vigorously, filter; the fluid after filtration 
should be perfectly clear; add — 

Alcohol, 10 c.c. 

Alcoholic solution of f uchsin (or gentian-violet, or meth- 
ylene-blue), 11 C.C. 

Aniline-water staining solutions do not keep well, and 
need to be freshly prepared about every two weeks. The 
applications of the aniline-water stains will be given under 
separate headings. In general, however, they are em- 
ployed where a stain of unusual power is required. 
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Gram's Method. — Cover-glass preparations, having been 
prepared and fixed in the usual manner (see page 24), are 
stained as follows r 

(a) Stain in aniline-water gentian-violet solution, from 
two to five minutes. The intensity of the stain may be in- 
creased by warming slightly. 

(6) Iodine solution, one and one-half minutes : 

Iodine, 1 gram. 

Potassium iodide, 2 grams. 

Water, 300 c.c. 

In this solution the preparation becomes nearly black. 

(c) Wash in alcohol repeatedly; the alcohol becomes 
stained with clouds of violet coloring matter ; the alcohol 

*is used as long as the violet color continues to come away, 
and until the preparation is decolorized or has only a faint 
steel-blue color. 

(d) When desired, the specimens may be stained, by way 
of contrast, with a watery solution of Bismarck brown or 
eosin. 

(e) Wash in water, and examine either in water directly 
or after drying and mounting in Canada balsam. [A modi- 
fication of this method, sometimes called the Gram-Gunther 
method, difters from the preceding by using a 3 per cent, 
solution of hydrochloric acid in alcohol for ten seconds to 
hasten decolorization, washing in pure alcohol before and 
after the acid alcohol. Decolorization is more intense than 
by the Gram method; the diphtheria bacillus, which is 
stained by Gram's method, is decolorized by the Gram- 
Gunther (Kruse).] The advantages of Gram's method are 
that certain bacteria are stained by it with great intensity 
and other bacteria are not stained at all. To some extent, 
then, it furnishes a means of diagnosis. 
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List of some of the important bacteria that are stained 
by. Gram's method : 

Staphylococcus pyogenes aureus, 

Streptococcus pyogenes, 

Micrococcus lanceolatus (of pneumonia), 

Micrococcus tetragenus, 

Bacillus of diphtheria, 

Bacillus tuberculosis. 

Bacillus of leprosy. 

Bacillus ^f anthrax. 

Bacillus of tetanus. 

Bacillus aerogenes capsulatus, 

Ray ftmgus of actinomycosis. 

The following bacteria are not stained by Gram's method r 

Gonococcus, 

Bacillus of typhoid fever. 

Bacillus coli communis. 

The Spirillum of Asiatic cholera. 

Bacillus pyocyaneus. 

Bacillus of influenza. 

Bacillus of glanders (bacillus mallei). 

Bacillus of malignant edema, 

Bacillus of Friedlander, 

Diplococcus intracellularis meningitidis. 

Bacillus proteus. 

Spirillum of relapsing fever. 

Staining the Bacillus of Tuberculosis. — A very large 
number of methods have been proposed for staining the 
bacillus tuberculosis, all of which depend upon the princi- 
ple that, after adding to solutions of aniline dyes certain 
substances, like aniline-water, carbolic acid, solutions of 
ammonia or soda, the bacillus tuberculosis is stained with 
great intensity, and gives up its stain with difficulty. Solu- 
tions of acids will remove the stain from all parts of the 
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preparation excepting from the tubercle bacilli, which re- 
tain the dye having once acquired it. The rest of the 
preparation may now be given a different color — contrast- 
stain. The process is most frequently used for specimens 
of sputum from cases of suspected pulmonary tuberculosis ; 
it may be applied to other fluids and secretions equally 
well. Patients should be given minute instructions con- 
cerning the collection of sputum. The bottle used should 
be new, wide-mouthed, clean, and kept tightly stoppered 
with a clean cork. The patient should be cautiotied against 
allowing the expectoration to get on the outside of the 
bottle. Probably whatever risk is incurred by those who 
examine sputum in large quantities comes chiefly from the 
outside of the bottle having been soiled with sputum con- 
taining tubercle bacilli. Often little white particles may 
be seen floating in the mucous portions of the sputum. 
These particles should be selected for the investigation. 
These specimens may be smeared on the cover-glass with 
the platinum wire, which is sterilized in the flame before and 
after using. The selection of the little white particles will be 
facilitated if the sputum be poured into a clean glass dish, 
which may be placed on a black surface. A form of por- 
celain dish is furnished by dealers, the bottom of which is 
black, and which is convenient for these manipulations. 
The smears must be made thin, or the subsequent decolor- 
ization, after staining, will not be uniform. It is hardly 
necessary to observe that the operator must be scrupulously 
careful not to contaminate the material under examination 
with any kind of extraneous matter. The cover-glass and 
slides which are used should be new, and should have been 
cleaned with bichromate of potassium and sulphuric acid 
(see page 23). 

Concerning the danger of confusing tubercle bacilli with 
the bacilli of smegma, and the examination of discharges 
from the genito-urinary tracts, see page 23. 
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Occasionally certain spores, micrococci and homy epithe- 
lial cells are imperfectly decolorized, but their forms dis- 
tinguish them from tubercle bacilli. Minute crystalline 
needles, which have a shape somewhat like that of bacilli, 
are often encountered in sputum, but their nature will be 
recognized after a little practice. 

When the work is completed, the bottle containing the 
sputum should be sterilized by steam or boiling. 

Gabbetfs method is as simple and convenient as any. Only 
two solutions are required. 

Ziehl's carbol-fuchsin : 

Fuchsin, 1 gram. 

Carbolic acid, pure, 5 c.c. 

Alcohol, 10 C.C. 

Distilled water, 100 c.c. 

Gabbett's solution : 

Methylene-blue, 1 to 2 grams. 

25 per cent watery solution of sulphuric acid, . 100 c.c. 

(a) The cover-glass preparation is to be made, dried, and 
fixed by passing through the flame three times. 

(b) The carbol-fuchsin stain is applied from two to five 
minutes to the cover-glass, held in forceps or in a watch- 
crystal ; it need not be warmed. 

(c) Wash in water. 

(d) Gabbett^s solution is applied for one minute. 

(e) Wash in water. The preparation should have a blue 
color. It may be examined in water directly or after dry- 
ing and mounting in Canada balsam. 

Gabbetfs method has the advantage of decolorizing the 
preparation and staining the background with methylene- 
blue at the same time. Tubercle bacilli are colored a bril- 
liant red; other bacteria and the nuclei of cells are colored blue. 

Of the numerous methods of staining tubercle bacilli only 
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a few others can be mentioned. Aniline-water fuchsin or 
gentian-violet, or carbol-fiichsin may be used. The inten- 
sity of the stain may be increased by warming the prepara- 
tion, or by bringing it to the boiling-point, allowing the 
warm stain to act on the specimens for from three to five 
minutes; the preparation may also be left in the cold stain 
over night. Decolorization may be effected with a 25 per 
cent, solution of sulphuric acid used till the red color dis- 
appears, or a 30 per cent, solution of nitric acid, which oper- 
ates very rapidly. If the red color persists after washing in 
water, dip in the acid again. After either acid the prepara- 
tion is to be washed in alcohol until the last trace of the 
stain has been removed. An excellent decolorizing agent, 
and the one preferred by the writer, is a 3 per cent, solution 
of hydrochloric acid in alcohol, used for about a minute. 
With any of these acid solutions the decolorization can be 
accomplished more perfectly than with Gabbett's solution, 
where the operation of the decolorizing agent is masked. 
The contrast-stain may be omitted entirely if it is desired. 
A suitable contrast-stain after fuchsin staining is a solution 
of methylene-blue ; after gentian-violet staining, Bismarck 
brown. 

Those who have had experience in staining tubercle ba- 
cilli soon discover that the bacilli exhibit some differences 
in their resisting power to strong acids. One encounters 
occasionally bacilli that are perfectly stained side by side 
with others that are more or less completely decolorized. 
These facts show the necessity of practice with any method, 
and of exercising caution and judgment in making a diag- 
nosis where the number of bacilli happens to be scanty. 
If tubercle bacilli are not found in the first preparation, 
other preparations should be made. Sometimes a large 
number of cover-glasses must be examined. 

Various expedients have been devised to concentrate 
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tubercle bacilli when only a small number may be present 
in a sample of sputum. In Biedert's method about 15 c.c. 
of sputum are mixed with 5 c.c. of distilled water, 4 to 8 
drops of sodium hydrate solution are added, and the mixture 
is boiled. After boiling, add about 15 c.c. of distilled water. 
The mixture may be set aside in a conical glass for from 
twenty-four to forty-eight hours when the sediment may be 
collected, smeared on a cover-glass and stained for tubercle 
bacilli ; or the sediment may be precipitated rapidly by the 
use of the centrifuge. The sediment will be found to have 
little adhesive power, and will not stick well to the cover- 
glass. It is convenient to save some of the original sputum 
and mix it with the sediment for this purpose. 

Staining Bacteria in Tissues ^Pieces of organs about 

1 cm. in thickness may be taken. Alcohol is the best agent 
for preserving them. The hardening will be completed in 
a few days. It is best to change the alcohol. The amount 
of the alcohol must be twenty times the bulk of the tissue 
to be preserved. 

Ten parts formaldehyde with 90 parts water makes a 
good mixture for fixation ; after twenty-four hours change 
to alcohol. 

Imbedding in Collodion or Celloidin ^From alcohol the 

pieces of tissue are placed in equal parts of alcohol and 
ether twenty-four hours ; thin collodion twenty-four hours ; 
thick collodion twenty-four hours. The specimen is placed 
upon a block of wood and surrounded by thick collodion, 
and then inverted in 70 per cent, alcohol. The collodion 
makes a firm mass, surrounding and permeating the tissue, 
and permits very thin sections to be cut. The soluble cot- 
ton sold by dealers in photographers' supplies serves as 
well as the expensive preparation known as celloidin. To 
make collodion, dissolve it in equal parts of alcohol and 
ether. Soluble cotton is also called pyroxylin, and is a 
kind of gun-cotton. 4 
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Imbedding in Paraffin — (a) Pieces of tissue 2 to 3 m.m. 
thick are to be placed in 95 per cent, alcohol for twenty- 
four hours. 

(b) In pure chloroform six to eight hours. 

(c) In a saturated solution of paraffin in chloroform two 
to three hours. 

(d) In melted paraffin having a melting-point of 50° C, 
which requires the use of a water-bath or oven, one to six 
hours. The chloroform must be entirely driven oft, and 
the tissue thoroughly infiltrated. 

(e) Change to fresh paraffin for a few minutes. 

(/) Finally, place the tissue in a small paper box and 
pour the melted paraffin about it. Harden as quickly as 
possible with running water. It is important to fix the 
piece of tissue in a suitable position, if the position is of 
importance, before pouring in the melted paraffin. 

Sections of exquisite thinness may now be cut. The 
knife need not be wet. Paraffin imbedding is especially 
adapted for making serial sections. 

In order to mount the sections, proceed as follows : 

(a) Place the sections on a slide. Add a thin solution 
of gum arable, upon which they float. Warm slightly, 
when the sections will flatten nicely. Drain off the super- 
fluous gum solution, leaving the sections in their proper 
positions. Let them dry for some hours, and they will be 
firmly fastened to the slide. 

(6) Dissolve out the paraffin in one of the numerous sol- 
vents (xylol half an hour or less). 

(c) At this point the xylol should be washed off with 
alcohol, and 

(d) The section is stained. 
(^) Dehydrate in alcohol. 

(/) Clear in some suitable agent, as xylol. 
(g) Mount in balsam. 
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Section Cutting — Cutting is best done with an instru- 
ment called a microtome. The tissues may be imbedded 
in collodion or paraffin ;' or they may be cut while fresh, 
after freezing; or tissues that have been hardened with for- 
maldehyde may be cut after freezing. Bacteria stain ad- 
mirably in frozen sections. For routine work collodion 
imbedding will be found as convenient a process as any. 
Paraffin imbedding gives the thinnest sections. 

A microtome consists of a heavy, sliding knife-carrier. 



Fig. 9.— Schanze Microtome. 



which moves with great precision on a level, and of a de- 
vice for elevating through any desired distance the object 
which is to be cut, after each excursion of the knife. The 
thickness of the section will be the distance through which 
the object is raised. The knife is kept wet with alcohol 
during the cutting of collodion sections, otherwise it is left 
dry. The microtome is usually provided with a special 
form of knife. A razor will serve nearly as well, after 
having had the lower side ground flat. If a razor is used, 
a special form of razor-holder must be attached to the mi- 
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crotome to receive it. Above all, it is necessary that the 
knives should be kept in good condition. Only occasion- 
ally will they need honing, using a fine water-stone or Bel- 
gian hone. The movement in honing should be from heel 
to toe, always placing the back of the knife next the hone 
when turning. The knife should be stropped frequently. 
The leather of the strop should be glued to a strip of wood 
to make a flat surface. The movement in stropping should 
be from toe to heel. Sections should be cut to a thickness 
of not more than 25/x. Thinner sections are to be desired. 
Staining of Sections. — A watery solution of one of the 
aniline dyes is used, — ^fuchsin, gentian-violet or methylene- 
blue, — made by adding a few drops of the alcoholic solution 



Fig. 10.— Needles for Handling Sections. 

to a dish filled with water. Loffler's solution of methylene- 
blue serves very well. 

(a) Place the section in the staining solution from two to 
five minutes. 

(b) Wash in water. 

(c) Place in a watery solution of acetic acid, .1 per cent., 
for one minute. 

(d) Alcohol, one to two minutes ; change from one dish 
of alcohol to a fresh dish at least once. Touch the sections 
to blotting-paper to remove the superfluous alcohol. 

(e) Xylol until clear; xylol is to be preferred to other 
clearing agents, like oil of cloves, most of which slowly re- 
move aniline colors. It has the disadvantage of not clearing 
when the slightest trace of water is present ; dehydration 
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in alcohol must, therefore, be very complete. The section 
should be removed from the xylol as soon as it is cleared ; 
otherwise wrinkling occurs. 

(/) The section is placed upon a glass slide ; a drop of 
Canada balsam is placed upon it and then a cover-glass. 
The Canada balsam should be dissolved in xylol. 

The section is to be manipulated with straight or bent 
needles. The removal from xylol to the glass slide is man- 
aged best with a spatula or section-lifter. 

By this process most bacteria are stained; also the 
nuclei of cells; frequently, also, certain granules con- 
tained within some cells (German, Mastzellen), which 
may easily be mistaken for bacteria by the inexperi- 
enced (basophile granules). 

Gram's Method may be applied to the staining 
of sections of tissues as well as to smears upon 
cover-glasses. 

(a) Place the section in aniline-water gentian- 
violet, one to five minutes. 

(6) Iodine solution (see page 28), one and one- 
half minutes. 

(c) Alcohol, until decolorized. 

(d) Xylol. 

(e) Mount on a slide in balsam. 

Weigert's Modification of Gram's Method, or Wei- 
gert's Stain for Fibrin.— (a) Place the section in aniline- 
water gentian-violet solution, five minutes or more. 

(6) Wash briefly in water. 

(c) Place the section upon a slide by means of a section- 
lifter; having straightened it carefully, absorb the water 
with blotting-paper. 

(d) Iodine solution (see page 28), one to two minutes. 

(e) Absorb the iodine solution with blotting-paper. 

(/) Add aniline oil, removing it from time to time with 
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blotting-paper, and adding fresh aniline oil until the color 
ceases to come away. (Aniline oil serves in this connection 
both ta decolorize and to dehydrate. It absorbs the water 
rapidly and efficiently. However, on account of its decolor- 
izing tendency, it must be removed before the specimens 
can be mounted permanently.) 

{g) Add xylol ; remove it with blotting-paper ; and add 
fresh xylol several times, in order to extract the last trace 
of aniline oil. 

(h) Mount in Canada balsam. 

This method is more convenient for the staining of sec- 
tions than the Gram method. The results, however, are 
essentially the same as far as the bacteria are concerned ; 
fibrin and hyaline material are stained blue, bacteria violet. 
It is often impossible to decolorize the nuclei completely 
without decolorizing the bacteria also. The parts of the 
nuclei which remain stained often present pictures that re- 
semble bacteria, and which may lead to error if not recog- 
nized. Basophile granules also retain the stain, as do the 
horny cells of the epidermis. These remarks apply also to 
Gram's method, except as regards fibrin. Very beautiful 
preparations can be obtained according to this or the Gram 
method when the sections have previously been stained in 
carmine; the nuclei will then be colored red, bacteria violet. 

Tubercle bacilli may be stained in sections as follows : 

{a) Use carbol-fachsin, or aniline-water gentian-violet for 
one to two hours with very gentle warming, or over night 
without warming. 

(6) Wash in water. 

{c) Decolorize with some one of the decolorizing agents 
mentioned in connection with the staining of tubercle ba- 
cilli in cover-glass preparations, preferably 3 per cent, hy- 
drochloric acid alcohol. Decolorization must be continued 
until the red color has disappeared, which requires one-half 
to several minutes. 
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{d) Wash in alcohol. 

(e) Wash in water. 

(/) Use hematoxylin as a contrast-stain for fachsin prepa- 
rations, and carmine for gentian-violet preparations. (It is 
better to stain with carmine first of all and before staining 
the bacilli. The carmine is not affected by the subsequent 
treatment.) 

{g) Wash in water. 

Qi) Alcohol. 

ii) Xylol. 

(J) Balsam. 

Nuclear stains, which may be used as contrast-stains 
for sections : 

DELAFIELD* S HEMATOXYLIN . 

Hematoxylin crystals, 4 grams. 

Alcohol, 25 C.C. 

Ammonia alum, 50 grams. 

Water, 400 c.c. 

Glycerin, 100 c.c. 

Methyl alcohol, lOOcc. 

Dissolve the hematoxylin in the alcohol, and the ammonia 
alum in the water. Mix the two solutions. Let the mix- 
ture stand four or five days uncovered ; it should have be- 
come a deep purple. Filter and add the glycerin and the 
methyl alcohol. After it has become dark enough, filter 
again. Keep it a month or longer before using ; the solu- 
tion improves with age. At the time of using, filter and 
dilute with water as desired. 

BORAX-CARMINE {Qrenocher). 

Carmine, 2.5 grams. 

Borax, 4.0 grams. 

Alcohol (70 per cent.), 100.0 c.c. 

Water, 100.0 c.c. 

Rub the carmine and borax together. Dissolve them in 
the water, which should be hot. The alcohol may be added 
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when the mixture is cold. The stain will be available after 
two weeks, but improves with age. Sections are to be left 
in the stain fifteen minutes or longer. In all cases carmine 
staining is to be finished with the use of acid alcohol, which 
differentiates the elements. 

ACID ALCOHOL. 

Alcohol (70 per cent.), 100 c.c. 

Hydrochloric acid (strong), 1 c.c. 

Sections stained in carmine are placed in acid alcohol for 
a few minutes. They acquire a brilliant scarlet color. 
When used as a contrast^stain for tissues containing bacteria, 
it is best to use it before staining the bacteria, which might 
be decolorized by the acid alcohol. 

Staining of Spores. — The method is applicable to cover- 
glass preparations which may be prepared in the usual way 
from material supposed to contain spores. 

(a) After drying the smear on the cover-glass, and fixa- 
tion with heat by passing through the flame three times, 
use as a stain aniline-water fuchsin or gentian-violet. 

(b) Heat until the preparation begins to boil; remove 
for a minute; heat again and again remove; repeat this 
process six times. 

(c) Wash in 3 per cent, hydrochloric acid alcohol one 
minute. 

(d) Wash in water. 

(e) Stain with watery solution of methylene-blue half a 
minute. 

(/) Wash. 

(9) Dry. 
(A) Xylol. 
(i) Balsam. 

The spores are intensely stained by the fuchsin. The 
stain is removed from everything except the spores by the 



Digitized by 



Google 



EXAMINATION OF BACTERIA WITH THE MICROSCOPE. 41 

acid alcohol. The methylene-blue solution stains the bodies 
of the bacteria, the spores remaining brilliant- red. There 
are various other methods for staining spores, but this pro- 
cedure gives good results. The principle is the same as in 
staining the tubercle bacillus, except that more pains are 
needed to impregnate spores with the dye. 

Staining of Flagella. — Flagella are among the most diffi- 
cult of all objects to stain. The best-known method is that 
of Loffler. It is important to use young cultures, prefer- 
ably on agar. 

(a) A small portion of the culture is mixed on a cover- 
glass with a drop of water. The preparations must be ex- 
ceedingly thin. The mixing must be done with care in 
order not to break off the delicate flagella. 

(6) After drying, fixation is effected by passing through 
the flame three times. 

(c) The essential point in this method is the use of a 
mordant as follows : 

Tannic acid, 2 grams. 

Water, 8 c.c. 

Saturated solution of ferrous sulphate, . . . 5 c.c. 
Saturated alcoholic solution of fuchsin, . . .Ice. 

This solution is filtered and a few drops are placed on 
the cover-glass; it is then left for one minute, warming 
slightly. 

(rf) Wash in water. 

(e) Stain with aniline-water fuchsin. 

(/) Wash in water. 

(3) Dry. 

(A) Mount in Canada balsam. 

(According to Ldffler, certain bacteria require the addi- 
tion of an acid solution, and certain others an alkaline 
solution, but many observers consider this unnecessary.) 
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CHAPTER 11. 

STERILIZATION. 

By sterilization is meant the killing of all microorgan- 
isms found on any body or substance. It is possible to 
sterilize objects by the use of bichloride of mercury (corrosive 
sublimate), carbolic acid and other^ chemical agents. Ster- 
ilization is usually accomplished by heat. The most effective 
sterilization is that done by steam and by boiling ; they are 
not, however, suitable for all kinds of material. 

The Naked Flame of the Bunsen burner or the alcohol 
lamp is used largely for the sterilization of small articles. 
It is evident that no more efficient way of sterilization could 
be devised than by burning objects, or subjecting them to 
a red heat. The uses of this method will at once suggest 
themselves; for instance, surgical dressings that have be- 
come soiled with discharges and similar materials can be 
most easily disposed of by simply burning them up. In 
laboratory work the flame is constantly employed for the 
sterilization of the platinum wire, forceps, pipettes and 
cover-glasses ; occasionally test-tubes are sterilized in this 
manner. 

Hot-Air Sterilization. — ^Hot air, at a temperature of 150° 
C, or higher, maintained for an hour, is very valuable for 
some materials although less effective than steam. It has 
been found that the spores of certain bacteria are not killed 
even by exposure to this temperature, but it is sufficient for 
ordinary conditions. Hot-air sterilization is employed for 
glassware such as Petri dishes, flasks and test-tubes. The 
flasks and test-tubes are generally plugged with raw cotton. 
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The sterilization should change the cotton to a light brown 
color, but it should not be scorched to a dark brown. Glass- 
ware should be placed within the sterilizer when cold, and 
after heating should be allowed to cool gradually in order 
to avoid breaking. Hot-air sterilization is never used for 
culture-media, but all kinds of metal instruments, which 
the heat would not damage, may be sterilized in this fashion. 



Fig. 12.— Hot-Air Sterilizer. 

The hot-air sterilizer is a box made of sheet-iron, the 
walls being double, with an air-space between them. On 
one side is a door. There are openings at the top to secure 
the circulation of air in the air-chamber. A thermometer 
passes from the top into the interior of the sterilizer so 
that one may read off the temperature that is being attained. 
The sterilizer should be placed so that there will be no dan- 
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ger of its setting fire to inflammable articles, as the heat 
may occasionally become very intense. It is well, if possi- 
ble, to have it fastened to a brick wall. 

Boiling. — ^Boiling is an efficient method of sterilization. 
It is often used for instruments. In laboratory work steam 
is generallj^ substituted for it. 

Steam Sterilization. — Steam sterilization is the most 
generally used of all forms of sterilization and is the most 
effective. It is employed for perishable bodies which would 
be injured by dry air sterilization or by chemical germicides ; 
for example, it is used for surgical instruments and for cul- 
ture-media; in laboratory work, especially for culture-media. 
It has been found that there are some forms of bacteria 
which, in the resting or spore stage, can resist even the 
action of steam for several hours. Such prolonged expo- 
sure to steam would be very injurious to culture-media, 
which are more or less unstable organic substances. What 
is called the fractional or intermittent method of sterilization 
is used for such materials. By that plan the medium is 
sterilized with steam for fifteen minutes on each of three 
consecutive days. The object of intermittent sterilization 
as explained by Tyndall, who proposed it, is this : The cul- 
ture-medium may be supposed to contain fally developed bac- 
teria, and also bacteria in the spore or resting stage. The 
first sterilization of fifteen minutes will probably be suffi- 
cient to destroy all the fully developed bacteria; during 
the twenty-four hours between the first and secoqd sterili- 
zation, all of the spores which have survived the first sterili- 
zation may be expected to have become fully developed into 
bacteria which can be destroyed by the second sterilization ; 
the third sterilization is directed against any spore forms 
which may possibly have survived the second sterilization. 

Although the spore forms which are so extremely resist- 
ant are mostly non-pathogenic, as for example the bacilli of 
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hay and potato, they nevertheless are capable of ruining 
the culture-media with which one works. 

The form of sterilizer most widely used in the United 
States is that which is known as the Arnold Steam Sterilizer. 

The Arnold sterilizer consists of a cylinder of tin or 
copper with a cover, which is covered with a cylindrical 
outer cover or hood. The inner cylinder has an opening 




Fig. 13.— Diagram of the Arnold Steam Sterilizer. 

in the bottom through which steam may enter, the steam 
coming from a small chamber underneath with a copper 
bottom to which the flame is applied. The peculiarity of 
this form of sterilizer consists in the fact that the steam 
which escapes from the sterilizing chamber will be con- 
densed beneath the outer cover or hood and will fall back 
upon the pan over the chamber in which the steam is gen- 
erated. The bottom of this pan is perforated with three 
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small holes which allow the water of condensation to return 
into the chamber where the steam is generated. The ster- 
ilizer will, therefore, to a certain extent, supply itself with 
water, although not by any means perfectly. It is, how- 
ever, less likely to boil dry than other forms of sterilizers, 
and it has the advantage of being reasonably cheap and 
quite effective. The space enclosed by the hood also serves 



Fig. 14.— Steam Sterilizer, Massachusetts Board of Health. 

• 

as a steam-jacket and helps to overcome fluctuations in tem- 
perature. A great improvement upon the ordinary Arnold 
sterilizer is the modification of it devised by the Massachu- 
setts Board of Health. 

In the use of this, or any form of steam sterilizer, the 
time when sterilization is supposed to begin must be counted 
as that when boiling is brisk and it is evident that the ster- 
ilizing chamber is filled with hot steam ; or, what is better, 
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when the thermometer registers 100° C, if the sterilizer is 
provided with a thermometer. 

The sterilizer invented by Koch is still largely in use, in 
fact almost universally, except in the United States. This 
sterilizer is a tall cylindrical tin vessel covered with asbestos 
or felt. The lower portion is filled with water ; on the side 
is a water-gauge indicating the height of the water, in order 



Fig. 15.— Koch Steam Sterilizer. 

that one may observe when there is danger of the sterilizer 
boiling dry. Over the top there is a tight-fitting cover. 
The steam is generated by a Bunsen burner standing under- 
neath. A perforated shelf placed some distance above the 
surface of the water is for the reception of the tubes and 
flasks that are to be sterilized. 

The sterilization of blood-serum sometimes has to be per- 
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formed in a specially devised sterilizer, when a clear me- 
dium which has not been coagulated is desired. In this 
case the serum is heated for an hour on each of six con- 
secutive days to a temperature of only 68° or 70° C. 

Pasteurization. — The name pasteurization has been ap- 
plied to the partial sterilization of substances at a compara- 
tively low temperature. It is used particularly for milk. 
The temperature used is sufficient to destroy all ordinary 
pathogenic bacteria ; for example, the bacilli of tuberculosis 
and typhoid fever. Furthermore, the great majority of the 
saprophytic bacteria are destroyed, and milk which has 
been pasteurized will remain unchanged for several days, 
if kept cool. Its application is principally in the feeding 
of infants when ordinary milk has been found to produce 
undesirable results. Freeman has invented a pail of special 
form for the pasteurization of milk in bottles. This pail is 
filled with hot water and the bottles are placed in it; it has 
been found to keep up a temperature of about 75° C. 

The Autoclave. — The autoclave is an instrument designed 
for sterilization by steam under pressure. It is widely used 
in France, and to a less extent elsewhere, although an ex- 
tremely convenient form of apparatus for certain purposes. 
Steam under pressure, or superheated steam, is much more 
destructive to germs than steam at the ordinary atmos- 
pheric pressure. In the autoclave steam is generated at a 
pressure of from one and one-half to two atmospheres ; that 
is to say, 115° to 120° C. At such temperatures culture- 
media may be sufficiently sterilized in the autoclave in fif- 
teen minutes, and in a single sterilization (Fig. 16). The 
autoclave consists of a metal cylinder with a movable top, 
which is fastened down tightly during sterilization. It is 
furnished with a thermometer, a pressure-gauge, and a safety- 
valve which allows the steam to escape if too high a pres- 
sure is attained. Heat is furnished by a gas-burner un- 



Digitized by 



Google 



STERILIZATION. 49 

derneath. The lower part of the cylinder contains water. 
The objects to be sterilized are supported above this water 
on the perforated bottom. 

It is necessary to follow certain precautions in the use of 
the autoclave, especially during cooling. The apparatus 
must not be opened while the steam contained within it is 
still under pressure, as there may be a sudden evolution of 
steam upon the removal of the pressure which may blow 



Fig. 16.—Autoclave. 

the media out of their tubes and flasks. The apparatus 
must, therefore, be kept closed until the gauge shows that 
the atmospheric pressure is as great as the pressure within, 
or, what is equivalent, until the temperature has fallen to 
100° C. Gelatin, especially, may be damaged by steriliza- 
tion with the autoclave, and should be left in it a shorter 
time — five minutes. 

Sterilization by Filtration — Ordinary filters are useless 
for this purpose, but the tube of unglazed porcelain de- 

5 
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vised by Pasteur and Chamberland is effective when prop- 
erly employed. This tube is widely used in filtering water 
for domestic purposes, and will be spoken 
of in connection with the chapter on 
water. Similar tubes ^are employed for 
the filtration of certain organic nutrient 
media whose ingredients would be dam- 
aged by sterilization with heat, chiefly 
extracts of organs, such as the thymus 
gland. The " toxins " of bacteria may be 
obtained by filtration of fluid-cultures 
through such tubes, which remove the 
bacteria (Fig. 17). The cultures usu- 
ally filter very slowly, and filtration will 
have to be assisted by some form of 
vacuum-pump; usually the filter-pump. 
Fig. i7.-Kitasato Filter, ^hich is uscd in conucction with a stream 
of running water, is employed. The porcelain tubes, the 
flasks and all parts of the apparatus must, of course, be 
sterilized by heat before and after using. 



Digitized by 



Google 



CULTURE-MEDIA. . 51 



CHAPTER III. 

CULTURE-MEDIA. 

Culture-media are substances in which bacteria are arti- 
ficially cultivated. The number of such substances is very 
large, different, materials being suited to different purposes 
and to different kinds of bacteria. The most important 
ones are nutrient bouillon or beef-tea, nutrient gelatin, and 
nutrient agar agar. The two last are of the same composi- 
tion as bouillon, and also have a jelly-like consistency, owing 
to the addition of a gelatinizing substance. 

NUTRIENT BOUILLON. 

Beef -extract (such as Liebig^s), . . . .3 grams. 

Peptone, pure (Witte's), 10 grams. 

Sodium chloride (common salt), .... 5 grams. 
Water, 1 liter. 

The solid ingredients are dissolved in water, and the mix- 
ture is boiled for a few minutes. It is made neutral or very 
faintly alkaline by the addition of a solution of sodium hy- 
drate, drop by drop, the reaction being tested at intervals 
with litmus-paper. The bouillon may now be filtered 
through filter-paper. The filter-paper should be folded and 
creased as is done by pharmacists ; it is usually placed in a 
glass funnel, and should be moistened with water before 
using. After filtration the medium is to be placed in 
properly plugged tubes or flasks, and is to be sterilized in 
the steam sterilizer for fifteen minutes or longer on each of 
three consecutive days. When precipitates form, they are 
usually caused by a too alkaline reaction. That may be 
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corrected by the addition of a little weak hydrochloric acid, 
drop by drop, testing frequently with litmus-paper. 

A more accurate way of obtaining the proper reaction is 
Schultz's method. Take of the bouillon 10 c.c. ; add a few 
drops of phenolphthalein (alcoholic solution J per cent.), 
with a burette ; add, drop by drop, a solution of caustic 
soda 0.4 per cent, until a faint red color appears, which in- 
dicates the beginning of the alkaline reaction. This proce- 
dure is followed with three samples. The amount of soda 
solution required in each case is noted and the average 
taken. If now, on the average, for each 10 c.c. of bouillon 
1 c.c. of soda solution needs to be added, for 1000 c.c. of 
bouillon 100 c.c. of the soda solution must be added; only, 
instead of adding a weak soda solution, one-tenth as much 
is taken of a solution ten times as strong. 

The original method of making bouillon was to use, in- 
stead of beef extract, 500 grams (one pound) of lean beef 
chopped fine, which was placed in one liter of water and 
kept on ice for twenty-four hours. It was strained and a 
liter of fluid obtained. The other ingredients were then 
added and the medium thoroughly cooked to coagulate the 
albumen in it, after which it was treated as the bouillon 
above described. 

Bouillon may be modified by the addition to it of other 
substances, the most important of which is sugar, either 
dextrose,* saccharose or lactose. 

NUTRIENT GELATIN. 

Beef -extract, 3 grains. 

Peptone, 10 grams. 

Sodium chloride, 5 grams. 

Gelatin (best gold label), 100 grams. 

Water, 1 liter. 

* Dextrose is the principal ingredient of commercial grape-sugar and 
should be obtained in a pure condition. One per cent, of either of these sugars 
may be added. 
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Dissolve the ingredients in the water, stirring actively 
to prevent burning at the bottom. It is best to conduct 
the operations in granite- or enamel-ware vessels over a 
large Bunsen or rose-burner. Neutralize with sodium hy- 
drate solution (see page 51). The reaction at the begin- 
ning will usually be found to be quite acid. Allow the 
mixture to cool until below 60° C, and add the whole of 
an egg which has been beaten up with a little water ; stir 
it in thoroughly. Heat the mixture to the boiling-point ; 
stir at the bottom to prevent burning and at the same time 
avoid as far as possible breaking the coagulum of egg-al- 
bumen which forms at the surface. Boil for ten minutes. 
Filter while hot. The filtration may be done through folded 
filter-paper which has been moistened. It is well to fasten 
a piece of coarse cheese-cloth over the top of the funnel to 
catch the large particles of coagulated albumen. Place in 
suitable tubes or fiasks plugged with cotton, and sterilize 
in a steam sterilizer for fifteen minutes on each of three 
consecutive days. Gelatin is injured by too prolonged 
boiling and loses its solidifying qualities. Instead of the 
beef extract, fresh, chopped beef may be used as with 
bouillon. Neutralization may be with litmus-paper or by 
titration according to Schultz's method. Instead of filter- 
paper, some prefer to use several layers of absorbent cotton 
placed inside of the moistened glass funnel, the top of which is 
covered with coarse cheese-cloth. This expedient answers 
very well. 

If the product appears cloudy after it has been sterilized, 
it may be that the egg-albumen was incompletely coagulated 
in the first place or that the reaction has been made too alka- 
line. In any case it will be desirable to melt it and filter a 
second time, correcting the reaction if necessary. It may be 
well to stir in another egg to entangle the opaque particles ; 
then to boil a second time and filter. 
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The medium is sometimes modified by adding to it other 
substances, as sugar, glycerin, etc. The solidifying property 
of the gelatin must be carefully guarded, and too much boil- 
ing is to be avoided. Certain bacteria, it will be found, have 
the property of causing gelatin to become fluid. Gelatin 
melts at about 25° C. and solidifies at about 10° C. It cannot 
be used in the incubator, where it would liquefy at the tem- 
perature of 38° C. In hot weather it may be necessary to 
use 150 grams of dry gelatin to the liter. Jfutrient gelatin 
is usually spoken of simply as " gelatin." 

Nutrient Agar-agar — Agar-agar is a kind of vegetable 
gelatin which comes from the southern and eastern coast of 
Asia. It melts with much greater difficulty than gelatin. 

The medium is not quite transparent. The finished me- 
dium is commonly called " agar." 

Beef-extract, 3 grams. 

Peptone, 10 grams. 

Sodium chloride, 5 grams. 

Agar, 10 grams. • 

Water, 1 liter. 

The dry agar, cut fine, is to be dissolved in water over a 
flame. It should be boiled for from one-half hour to two 
hours, skimming off the scum which forms on the surface 
from time to time. The beef-extract, peptone and sodium 
chloride are dissolved in a liter of water, boiled and neu- 
tralized. Add the agar now in solution in a small quantity 
of water. The reaction of the agar alone is faintly alka- 
line. Mix thoroughly ; the bulk of the mixture is a little 
more than a liter, and should be reduced to a liter after the 
subsequent boiling. Cool to about 60° C. ; stir in an ^gg^ 
and boil thoroughly. Avoid breaking the coagulum of the 
Qgg which is designed to entangle the solid particles that 
make the medium cloudy ; stir at the bottom, however, to 
prevent burning. Filter while hot, using filter-paper or 
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absorbent cotton covered with cheese-cloth. The hot water 

funnel originally devised for the filtration of agar is not 

necessary. If filtration is slow, the funnel and flask may 

be placed inside of the steam sterilizer and kept heated 

during filtration. The medium is collected in suitable 

flasks or tubes plugged with cotton, and sterilized for 

fifteen minutes on each of 

three consecutive days. As 

agar is frequently used 

for smear-cultures where a 

slanted medium is desired, 

some of the tubes may be 

allowed to cool in a slanting 

position. For this purpose 

a form of wire basket with 

an inclined bottom is used 

by the writer (Fig. 18). It T,/'"^:;! ^^'.l'' L^ ^?^^r'r '^ 

•^ \ o / Culture-Media with a Slanted Surface. 

is not well to keep on hand 

many tubes which have been slanted, as the medium dries 
more rapidly. Agar is not liquefied by bacteria as is 
gelatin. Its solidifying qualities are impaired somewhat 
if the reaction be acid. 

Glycerin-agar is used extensively. It is agar, made as 
above directed, to which 5 per cent, of glycerin is added 
before sterilization. It is very useful in cultivating the 
bacilli of tuberculosis and of diphtheria. 

Before sterilizing, 1 per cent, of either dextrose, lactose 
or saccharose may be added to agar. With media contain- 
ing sugar, litmus forms a useful indicator of the produc- 
tion of acid. Enough tincture of litmus is used to give the 
medium a blue color before sterilization; the litmus is 
somewhat unstable and prone to change its color during 
sterilization. 
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Potato. — The potatoes are washed, a slice is removed from 
each end, and with an apple-corer or cork-borer a cylinder is 
cut out. This cylinder is divided diagonally into 
two pieces. The pieces are washed in running 
water for an hour or more. They are placed in 
test-tubes and are supported from the bottom on a 
piece of glass tubing about 1 to 2 cm. in length (or 
on cotton, or in a specially devised form of tube 
with a constriction at the bottom). The tubes are 
plugged, and sterilized on three consecutive days 
as with other media. Sterilization, however, must 
be thorough on account of the danger of contami- 
nation with the extremely resistant spores of the 
potato bacillus. Potato is best when freshly pre- 
pared ; it is likely to become dry and discolored 
with keeping. It is a very useful medium ; cer- 
tain growths on it, like those of the bacillus of 
typhoid fever or of glanders, and those of chro- 
mogenic bacteria, are very characteristic. 
Tube' con^ Milk. — Milk fresh as possible is placed in a 
^mmg o- ^^y^j.^^ jg^j, Qj^ ^-j^Q '^QQ jp^j, twenty-four hours. At 

the end of that time the middle portion is removed by 
means of a siphon. The upper and lower layers must not 
betaken; the upper part contains cream, and the lower 
part particles of dirt, both of which are to be avoided. 
About 10 c.c. are to be run into each test-tube. The tube 
is plugged with cotton, and sterilized on each of three con- 
secutive days, for fifteen minutes or longer. When milk is 
contaminated with spores of the hay or potato bacillus it is 
sometimes very difficult to sterilize, a fact of much impor- 
tance in connection with the feeding of children. 

The coagulation of milk, which is accomplished by cer- 
tain bacteria, is a very valuable differential point. A little 
litmus tincture may be added to the tubes of milk before 
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sterilizing, until they acquire a blue color, to indicate 
whether or not acids are formed by the bacteria growing in 
the medium. 

Blood-serum. — The blood of the ox or cow may be ob- 
tained easily at the abattoir. It should be collected in a 
clean jar. When it has coagulated, the clot should be sepa- 
rated from the sides of the jar with a glass rod. It may be 
left on the ice for from twenty-four to forty-eight hours. At 
the end of that time the serum will have separated from 
the clot and may be drawn off with a siphon into tubes. 
These tubes are sterilized for the first time in a slanting 
position, as the first sterilization coagulates the serum. 
(The coagulation may be done advantageously, as advised 
by Councilman and Mallory, in the hot-air sterilizer at a tem- 
perature below the boiling-point. A wire basket with an in- 
clined bottom will be found convenient for coagulating serum 
tubes in the slantingposition (see Fig. 1 8). After coagulation, 
sterilize in the steam sterilizer as usual. This serum makes 
an opaque medium of a cream color. Blood-serum may be 
sterilized in the special form of sterilizer devised for it. A 
clear blood-serum is to be obtained by sterilization at a tem- 
perature of 70° C. for one hour, on each of five days. At 
the end of that time the serum is heated to 75° or 80° C, 
in an inclined position, to solidify it. Opaque, coagulated 
blood-serum has most of the advantages of the clear me- 
dium. Blood-serum may be secured from small animals by 
collecting blood directly from the vessels, using very great 
care to obtain the blood in a sterile condition; and the 
serum may be separated and stored in a fluid state. Human 
blood-serum is sometimes obtained from the placental blood, 
sometimes from serous pleural transudates or from hydrocele 
fluid. The preservation of blood-serum is sometimes accom- 
plished with chloroform, of which 1 per cent, is to be added 
to the medium ; in this manner the serum may be preserved 
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for a long time. It may be divided into tubes, solidified 
and sterilized as required ; the chloroform will be driven 
off by the heat, owing to its volatility. Blood-serum media 
which are sterilized at a low temperature should be tested 
for twenty-four hours in the incubator to prove that sterili- 
zation has been effective ; if not, development of the con- 
taminating bacteria will of course take place and be visible 

to the eye. 

Dunham's peptone solution. 

Peptone, 10 grams. 

Sodium chloride, 5 grams. 

Water, 1 liter. 

Boil, filter, sterilize in the usual manner. 

Dunham's solution is valuable to test the development of 
indol by bacteria. The development of acids may be de- 
tected after the addition of 2 per cent, of rosolic acid solu- 
tion (.5 per cent, solution in alcohol); alkaline solutions 
give a clear rose-color which disappears in the presence of 
acids. 

It will be impossible to do more than merely mention 
some of the most important of the other culture-media. 

Loffler's blood-serum consists of one part of bouillon 
containing 1 per cent, of glucose, and three parts of blood- 
serum. It is used largely for the cultivation of the bacillus 
of diphtheria. 

Blood-serum-agar is a medium made with considerable dif- 
ficulty, but very valuable for the cultivation of the gonococcus. 
The placental blood-serum, or the pleuritic serum or hydro- 
cele fluid, is mixed with nutrient agar in the fluid condition 
and must be divided into tubes before solidification. Solid- 
ify in a slanting position; subsequently sterilize so as not to 
coagulate the albumen of the blood-serum. One expedient 
has been also to smear a little blood over the surface of a 
tube of nutrient agar — blood-agar — used for cultivating the 
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"bacillus of influenza. Marmorek's blood-serum is supposed 
to assist in maintaining the very evanescent virulence of the 
streptococci; bouillon is mixed with human blood-serum, 
ass*s serum or horse's serum. 

Gtcamieri^smediumconsi&t&of a mixture of gelatin and agar. 

Media containing fat were employed by Sommaruga to 
test the ability of bacteria to decompose fats. Clarified beef- 
suet or olive-oil in the proportion of one or two per cent, is 
added to gelatin or agar. The fat must be mixed with the 
melted medium ; it is to be shaken and then rapidly cooled 
in a freezing-mixture after the last sterilization. 

Fresh eggs in their shells may be used without other 
preparation than washing the surface thoroughly with bi- 
chloride of mercury solution ; or after sterilization by steam, 
which of course coagulates the albumen. The egg is easily 
inoculated through a small opening made with a heated 
needle, which may be closed afterward with collodion. 
Hueppe recommended eggs closed in this manner for the 
•cultivation of anaerobic bacteria. Egg-albumen has been 
used as a constituent of various media. 

Msner's medium for the detection of the bacillus of ty- 
phoid fever is an acid, 10 per cent, gelatin, made up with 
potato-water. Potato-water is the expressed juice of pota- 
toes which have been cleaned, peeled and grated. Allow 
the juice to settle ; filter while cool, boil and again filter. 
The medium is made up without peptone and sodium chlo- 
ride ; add 1 per cent of iodide of potassium. 

Bread-paste (finely-divided dry bread, mixed with water 
and sterilized) is used for the cultivation of moulds. Sa- 
bouraud recommends the following for the cultivation of 
the tricophyton fungus : 

Peptone, 5 grams. 

Maltose, 3.8 grams. 

Agar, 1.3 grams. 

Water, 100 c.c. 
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Test-tubes. — ^Bacteria are generally cultivated in test- 
tubes. A convenient size is one | of an inch in diameter 
and 5 inches in length. The tubes should be of a heavier 
glass than in those used for ordinary chemical work. The 
New York Board of Health, and some others, use a tube 
three inches in length without a flange for the cultivation 
of the diphtheria bacillus on Loffler's blood-serum mixture. 
Test-tubes should be thoroughly cleaned with a swab be- 
fore using ; they should be boiled with washing-soda, rinsed, 
filled with hydrochloric acid solution, rinsed, and inverted 
to drain away the fluid. 

Plugs of raw cotton or cotton batting are employed as 
stoppers. The plug should fit smooth- 
ly ; creases and cracks around the edges 
are to be avoided. The plug should be 
tight enough to sustain the weight of 
the tube when held by the plug. These 
plugs prevent bacteria from entering 
or leaving the tubes. 

Sterilization of Test-tubes. — The 

' tubes are to be sterilized in a hot-air ster- 

FiG. 20.-wire^i^ket for ilizer for ouc hour, at a temperature of 
150° C. or higher. The cotton should 
acquire a light brown color but should not be burned. If 
the plugs touch the sides of the sterilizer or lie against the 
bottom they may be scorched. 

The necessity for sterilization of the tubes before filling 
them with the medium has been questioned, and it is probably 
unnecessary as far as the preservation of the culture-medium 
is concerned, but itwill be found that the cotton plugsfit much 
better after sterilization with dry heat. During this and 
subsequent sterilizations the tubes are held in a wire basket. 
Filling of the Tubes — ^A special funnel closed with a 
stop-cock for filling tubes with liquefied media is often 
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recommended. They may readily be filled with an ordi- 
nary funnel of small size. During the filling, the neck of 
the test-tube where it comes in contact with the cotton must 
not be wet with the medium. Ordinarily about 10 c.c. are 
placed in a test-tube. For Esmarch's roll-tubes a somewhat 
smaller quantity is desirable. 

The Sterilization of tubes containing culture-media is 
always done by steam, and, as we have seen, in most cases 
is for fifteen minutes or longer on each of three consecutive 
days. It is to be remembered that the solidifying power 
of gelatin is impaired by too prolonged heating, while 
heating is of less importance with the other culture-media. 
The media which are sterilized at a low temperature 
(70° C.) should be tested for two days in the incubator to 
see whether sterilization has been eflFective. It is the uni- 
versal experience in bacteriological laboratories that occa- 
sionally culture-media will become contaminated with ex- 
tremely resistant spores which fail to be sterilized by the 
ordinary processes, an occurrence which causes great an- 
noyance and calls for the exercise of much patience. Some- 
times, also, moulds attach themselves to the plugs, espe- 
cially if they are moist, and send their filaments down 
through the cotton ; finally, having reached the lower edge 
of the cotton, their spores may fall upon the medium and 
-ruin it. 
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CHAPTER IV. 

THE CULTIVATION OF BACTERIA. 

Inoculation of the Tubes. — The air of the laboratory 
should be as quiet as possible, to lessen the chances of con- 
tamination by bacteria clinging to particles of dust. Avoid 
working where there may be draughts or gusts of air. 
Given any material containing bacteria, for example a pure 
culture of some well-known species, a very minute portion 
is to be introduced into a tube containing the sterile cul- 
ture-medium. The introduction is effected with a straight 
platinum wire, or with a platinum wire loop. The plati- 
num is to be heated red-hot before using, and then allowed 
to cool. It is also to be heated red-hot after using. The 
plug of the test-tube is to be withdrawn, twisting it 
slightly, taking it between the third and fourth fingers of 
the left hand, with the part that projects into the tube 
pointing toward the back of the hand. It must not be 
allowed to touch any object while the inoculation is going 
on. If any of the cotton adheres to the neck of the tube, 
pass the neck through the flame of the Bunsen burner, or 
if necessary pull the cotton away with sterilized forceps. 
The tube is to be held in the left hand between the thumb 
and forefinger, the tube resting upon the palm, and the 
neck of the tube pointing upward and to the right. When 
two tubes are being used at the same time, as is often neces- 
sary, they are placed side by side between the thumb and 
forefinger of the left hand. The two plugs are held be- 
tween the second and third and the third and fourth fingers 
of the left hand, respectively. The wire may now be passed 
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into the first tube, which we will suppose to hold some ma- 
terial containing bacteria, and a little of this material may 
be removed on the tip of the wire from the first tube to the 
second. When the needle is introduced into or removed 
from either tube it should not touch the side of the tube at 
any point, and should only come in contact with the region 
desired. After inoculation of the second tube has been ef- 
fected the wire is to be heated to a red heat in the flame, 
the necks of the tubes are to be passed through the flame, 
and the plugs are to be returned to their respective tubes. 
When the wet wire is to be sterilized in the flame it should 
be approached to the flame gradually, so as to dry the ma- 



FiG. 21.— Manner of Holding Tubes. 

terial on it before burning it, in order to avoid " sputter- 
ing " (see page 21). It is well from the start to train one's 
self to sterilize the platinum wire every time it is taken 
from the table and before it is laid down again. The pla- 
tinum wire loop may be used in the same manner as the 
straight wire, especially when a substance containing a 
small number of bacteria is being handled. 

When a tube of gelatin is to be inoculated the wire is 
usually introduced into the medium vertically, " stab-cul- 
ture;" when a medium with a slanted surface is employed, 
as agar, potato or blood-serum, the needle should lightly 
streak the surface, " smear-culture " (Figs. 22 and 23). 
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The safety and suceesB of this method of inoculation de- 
pend upon a principle which has been established by long 
and repeated observation, namely, that bacteria do not of 
themselves leave a moist surface. They should not, there- 
fore, rise from the surface of the moist culture-medium, nor 
drop from the needle during its transit, if proper care be 



Smwr culture. 

Sldb culture* 

Fig. 22. Fig. 23.— This tube shows the rubber 

cap used to prevent drying. 

exercised. They may be thrown into the air if the needle 
be allowed to sputter in the flame. 

To maintain their vitality bacteria need to be transplanted 
from one tube to another occasionally; the time varies 
greatly with different species. Many bacteria grow on cul- 
ture-media with difficulty at the first inoculation, but hav- 
ing become accustomed to their artificial surroundings, as 
it were, they may be propagated easily afterward ; this is 
especially true of the bacillus tuberculosis. 
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Some bacteria flourish better on one culture-medium than 
another. The bacillus tuberculosis grows best on blood- 
serum and glycerin-agar ; the bacillus of diphtheria grows 
best on Loffler's blood-serum. 

The virulence of most pathogenic bacteria becomes dimin- 
ished after prolonged cultivation upon media. Sometimes 
the virulence is lost very quickly, for example, with the strep- 
tococcus pyogenes andmicrococcus lanceolatus of pneumonia. 

Incubators. — Many bacteria flourish best at a tempera- 
ture about that of the human body, 38° C. Some species 
will grow only at this temperature. The pathogenic bac- 
teria in particular, for the most part, thrive best at a point 
near the body temperature. 

The incubator is a box made of copper, having double 
walls, the space between the two being filled with water. 
The outer surface is covered with some non-conductor of 
heat, such as felt or asbestos. At one side is a door, which 
is also double. The inner door is of glass, the outer door 
is of copper covered with asbestos. At one side is a gauge 
which indicates the level at which the water stands in the 
water-jacket. The roof is perforated with several holes, 
some of which permit the circulation of the air in the air- 
chamber inside the box ; some of them enter the water- 
ja<}ket. A thermometer passes through one of these 
holes into the interior of the air-chamber and another into 
the water standing in the water-jacket. A gas-regulator 
passes through another hole, and is immersed in the water 
standing in the water-jacket. There are various forms of 
gas-regulators more or less complicated. In general they 
consist usually of a tube containing mercury ; into this tube 
are two openings, one for the entrance and the other for the 
exit of gas. The gas enters through a small tube, which 
is cut off diagonally at the bottom, and which projects into 
the surface of the mercury. Heating the water in the 
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water-jacket causes expansion of the mercury, which rises, 
and, little by little, cuts off the inflow of gas through this 
tube. The flow is never completely cut off, as there is a 
capillary opening in the tube considerably above any point 



Fig. 24.-— Incubator. (The gas-burner and the supply-tube running to it from the gas- 
regulator have been omitted ; see Figs. 25, 26, and 27.) 

to which the mercury could possibly rise, which will always 
allow the flow of a small quantity of gas (Fig. 26, b). This 
diagram also shows a modification of the simple form of 
regulator, in the shape of a partition which divides off* a lower 
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chamber, which contains mercury and is connected with the 
upper part by a glass tube. The purpose is to make use of 
the elastic properties of some volatile fluid, like ether, 
which floats on the surface of the mercury at a. The gas 
coming from the gas-regulator passes to a Bunsen burner, 
which stands underneath the incubator. This burner 
should have some kind of an automatic device for cutting ojBF 




Fig. 25.— Reichert's Gas-regulator. Fig. 26.— Mercurial Gas-regulator, a. Cham- 
ber containing volatile hydrocarbon, h. Ca- 
pillary opening. 

the flow of gas in case it becomes accidentally extinguished 
by a sudden draught of air or from any other cause. The 
automatic burner invented by Koch is an ingenious, simple 
and effective device. A bar of metal stands above the 
flame ; by its expansion, through a system of levers, it sup- 
ports a weight: the weight controls a gas-cock. While the 
flame is burning the expansion of the metal holds the 
weight horizontally ; if the flame becomes extinguished, the 
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metal contracts, the weight falls, and cuts off the flow of 
gas. Some inconvenience will arise from irregularities in 
the flow of gas from the main supply-pipe. Any incubator 
will vary a little from such causes. In the experience of 
the writer, natural gas is of such variable pressure as to be 
entirely useless. Fluctuations of the temperature within 
the incubator depend very largely upon the external tem- 
perature. Therefore the incubator should, as far as is 
practicable, be protected from sudden draughts of cold air 



Fig. 27.— Koch Automatic Gas-burner. 

and should be kept in a room having as equable a tempera- 
ture as possible. 

Culture-tubes which are being kept in the incubator are 
likely to become dry if their stay is prolonged. In such 
cases they should be covered with rubber caps, sealing-wax, 
paraffin, or some other device to prevent evaporation. If 
rubber caps are used, they should be left in 1-1000 bichlo- 
ride of mercury for an hour, and the cotton plugs should 
be singed in the flame, before putting them on (Fig. 23). 
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Cultivation of Anaerobic Bacteria. 

The cultivation of anaerobic bacteria is done best in a 

medium containing 1 to 2 per cent, of dextrose. The tube 

should contain a large quantity of the culture-medium. 

Just before using, the medium should be melted and boiled 



Pig. 28.— Arrangement of Tubes for Cultl- Fig. 29.— Cultivation of Anaerobes 
vation of Anaerobes by Buchner's Method. by Fraukel's Method. 

for a few minutes. Inoculate the tube after cooling, but 
while the medium is fluid. 

BiLchner^s method for the cultivation of anaerobes : Into a 
tube or bottle which can be tightly stoppered, pour 10 c.c. 
of a 10 per cent, solution of potassium hydrate and add a 
gram of pyrogallic acid. The culture-tube is placed inside 
of the larger tube or bottle, supported above the bottom, 
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and the large tube is to be tightly closed. The mixture of 
pyrogallic acid and potassium hydrate possesses the prop- 
erty of absorbing oxygen. 

Cultivation of Anaerobic Bacteria Under Hydrogen. 

Method of Frdnkel : A test-tube containing a large amount 
of the liquefied culture-medium is closed with a sterilized 
rubber stopper, through which pass two sterilized glass 
tubes, bent above the stopper at a right angle. One of 
these tubes is cut off just underneath the stopper, and the 
other is long enough to project nearly to the bottom of the 
culture-tube. The horizontal projecting parts are drawn 
to a small caliber at some point, although not quite closed, 
to facilitate sealing later on. Through the longer of these 
tubes hydrogen gas is passed until the atmosphere inside of 
the culture-tube is pure hydrogen, entirely free from mix- 
ture with air. The horizontal parts of the small glass tubes 
projecting from the stopper are then sealed in the flame at 
the places where they were previously drawn out to a small 
caliber, and the tubes are thus closed (Fig. 29). 

The stopper should be surrounded with melted paraffin. 
A tube prepared according to this plan may, if desired, be 
converted into an Esmarch roll-tube. The hydrogen is gen- 
erated according to the common method with pure zinc and 
pure sulphuric acid, 25 to 30 per cent. The precautions 
advised by chemists for the generation of hydrogen must 
be carefully followed, because when hydrogen mixed with 
oxygen or air is ignited a violent and disastrous explosion 
may occur. 

The well-known Kipp's generator may be used. First 
let the reservoir fill with hydrogen ; then allow its contents 
to escape. This should be repeated, after which some of 
the hydrogen may be collected in an inverted test-tube 
under water. When this sample is ignited, it should burn 
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without any explosion; otherwise the hydrogen is not yet 
ready to use. The hydrogen should bubble through the 
medium five minutes or more. 

The inconvenience of sealing the tubes in the flame, as 
has to be done in Frankel's and other methods for cultiva- 
tion under hydrogen, is obviated in Novy's apparatus. 
The tubes or plates are placed in jars through which hydro- 
gen may be conducted. The stopper, having been smeared 



Fig. 30.— Novy's Jars for the Cultivation of Anaerobes. 

previously with a soft wax, is sealed by giving it one-fourth 
of a turn. 

There have been various other kinds of apparatus, usu- 
ally complicated and expensive, devised for the growth of 
plate-cultures under hydrogen. Other expedients for the 
cultivation of anaerobic bacteria are less effective. In cases 
where a very deep stab-culture is made in gelatin or agar, 
where the growth appears in the lower part of the tube by 
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preference, it is supposed to be anaerobic. Koch covered 
part of the surface of a gelatin plate with a bit of sterilized 
mica or a cover-glass ; bacteria which grew beneath this plate 
were considered to be anaerobic. Another method was to 
cover the surface of the gelatin in the culture-tube with 
sterilized oil. Esmarch advises making roll-tubes, and 
after cooling them to fill them with a liquefied gelatin cooled 
down to near the point of solidification. Hueppe made 
use of eggs in their shells. The eggshell was carefully 
cleaned, sterilized with a solution of bichloride of mercury, 
washed with sterilized water and wiped dry with sterilized 
cotton. The end of the eggshell was punctured with a hot 
needle. Through the opening thus made the inoculation 
was accomplished. The opening was closed with collodion. 
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CHAPTER V. 

CULTIVATION OF BACTERIA, CONTINUED. 

Isolation of Bacteria — In order to study any kind of bac- 
teria it is necessary to have the particular species separated 
from other sorts with which it may be mixed. The earlier 
bacteriologists endeavored to separate bacteria of different 
sorts by successive transplantations through a series of 
tubes. The procedure now generally used for this purpose 
is the so-called plate-method of Koch. The great progress 
which bacteriology has made during the last twenty years 
is largely owing to this invention. 

Pathogenic bacteria may sometimes be isolated through 
inoculations into animals. Thus an animal may be inocu- 
lated with sputum containing tubercle bacilli mixed with 
other bacteria. The animal may die of tuberculosis, and 
its tissues may contain tubercle bacilli in pure culture, the 
other bacteria having produced no important effect. 

Still another method which is occasionally useful is to 
subject the mixture of bacteria to steam for a few minutes. 
If it contains very resistant spores, like those of the teta- 
nus bacillus or hay bacillus, they may be expected to sur- 
vive, and may perhaps be propagated in pure culture, 
everything else having been killed by the steam. 

Plate-cultures. — It is impossible in most cases to dis- 
tinguish between bacteria of diffferent varieties by micro- 
scopical examination alone. Bacteria of widely different 
species and quite unlike one another in their properties may 
present similar appearances under the microscope. The 
differences which they exhibit are usually apparent when 

7 



Digitized by 



Google 



74 MANUAL OF BACTERIOLOGY. 

they are grown in culture-media. The growth, called a col- 
ony^ which develops from the multiplication of a single 
bacterium, is in many cases quite characteristic for the 
species. By the plate-method, the individual bacteria in a 
mixture are separated from one another by dilution. They 
are fixed in place by the use of a solid medium. They 
are allowed to grow, and from each individual there forms 
a colony. It is usually possible to distinguish between colo- 
nies arising from different species when it was not possible 
to distinguish between the individual bacteria of these species. 
A convenient illustration has been suggested by Abbott. 
A number of seeds of different sorts may appear very much 
alike, and considerable diflSiculty may be found in distin- 
guishing one from the other with the eye. Let them be 
sown, however, and let plants develop from them, and these 
plants will easily be distinguished from one another.* 

Method of Making Plate-cultures Melt three tubes of 

gelatin or agar. (There is some diflSiculty in keeping agar 
in a fluid state while dilutions are being made. It is best 
to have some form of water-bath with a thermometer for 
the purpose.) Let the liquefied tubes cool to 40° C. Take 
a small portion of the material to be examined — pus, for 
example — and introduce it with a sterilized platinum wire 
or loop into one of the tubes. Stir it in carefully. Re- 
move the needle, sterilize it, and replace the plug. Mix 
the material introduced thoroughly with the liquefied cul- 
ture-medium, taking care not to wet the plug. Now re- 
move the plug again, and, having sterilized the platinum wire, 
insert it into the liquefied medium. Carry three loopfdls in 
succession from this tube, which is No. 1, into tube No. 2 ; 

* It must be understood that no dose comparison can he drawn between higher 
plants, which simply complete the development of parts potentially present 
in the seed, and colonies of bacteriaf which are aggregates of individuals, the 
progeny of one individual of the same kind. 
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sterilize the needle; replace the plugs; mix thoroughly, 
without wetting the plug. Carry three loopfiils from tube 
No. 2 into tube No. 3 in the same manner. The original 
material will obviously be diluted in tube No. 1, more in 
tube No. 2, and still more in tube No. 3. The most^con- 
venient form of plate is that known as a Petri dish, a small 



Fig. 31.— Petri Di«*h. 

glass dish about 8 cm. in diameter and 1.5 cm. in height, 
provided with a cover which is a little larger but of the 
same form. This dish should be cleaned and sterilized for 
an hour in a hot-air sterilizer at 150° C. or higher. When 
it is cool it may be used. 



Fig. 32.— Petri Dish. 

Such dishes having previously been prepared, the con- 
tents of tube No. 1 are poured into one dish, and those of 
tube No. 2 into another, and those of tube No. 3 into a 
third. They are to be labeled Nos. 1, 2, and 3.* In pour- 
ing proceed as follows : remove the cover of the dish ; let 
one end rest upon the table, the other upon the dish proper ; 

* The labels should be moistened with the finger, which has been dipped 
in water. They should not be licked with the tongue. While working in 
the bacteriological laboratory it is best to make it a rule that no object is to 
be put in the mouth. 
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the outer surface of the cover should be up (Fig. 32). 
The dish should be uncovered as short a time as possible. 
Remove the plug of tube No. 1 ; heat the neck of the tube 
in the flame ; allow it to cool, holding it in a nearly hori- 
zontal position. When it has cooled, pour the contents into 
the Petri dish and replace the cover of the dish. Tubes 
Nos. 2 and 3 are to be treated in the same manner. Burn 
the plugs, and fill the empty tubes with 5 per cent, solution 
of carbolic acid. They should be sterilized for an hour in 
the steam sterilizer (see page 44). 

The culture-medium in the Petri dish will soon solidify. 
Colonies develop usually in from one to two days. In 
plate No. 1 they will be very numerous, in plate No. 2 less 
numerous, and in plate No. 3 still less numerous. Where the 
number is small the colonies will be widely separated and 
can readily be studied. They may be examined with a 
hand-lens, or the entire dish may be placed on the stage of 
the microscope and the colonies be inspected with the low 
power. The iris diaphragm should be partly closed and 
the concave mirror should be used. 

Esmarch's Roll-tubes. — Use liquefied gelatin or agar. 
The dilutions in tubes 1, 2 and 3 are made as above. 
Tubes containing a rather small amount of the culture-me- 
dium are more convenient. A block of ice should be at 
hand, and, with a tube filled with hot water and lying 
horizontally, a hollow of the size of the test-tube should be 
melted on the upper surface of this ice. In this hollow 
place the tube of liquefied gelatin or agar ; roll it rapidly with 
the hand, taking care that the culture-medium does not run 
toward the neck as far as the cotton plug. The medium is 
spread in a uniform manner around the inside of the tube, 
where it becomes solidified. Gelatin roll-tubes must be 
kept in a place so cool that there is no danger of their 
melting; in handling them they are to be held near the 
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neck, 80 that the warmth of the hand may not melt the 
gelatin. Agar roll-tubes should be kept in a position a lit- 
tle inclined jfrom the horizontal, with the neck up, for 
twenty-four hours, so that the agar may stick to the wall of 
the tube. 

By the plate-method as originally devised by Koch, in- 
stead of using Petri dishes, the gelatin was poured upon a 
sterile plate of glass. This plate of glass was laid on an- 
other larger plate of glass, which formed a cover for a dish 
of ice-water, the whole being provided with a leveling appa- 



FiG. 33.— Manner of Making Eemarch Roll-tube. 

ratus. The plate was kept perfectly level until it had so- 
lidified, which took place rapidly on the cold surface. The 
glass plates were placed on little benches enclosed within 
a sterile chamber. The more convenient Petri dish has 
displaced the original glass plate to a large extent. 

The isolation of bacteria may sometimes be effected by 
drawing a platinum wire containing material to be exam- 
ined rapidly over the surface of a Petri dish containing 
solid gelatin or agar ; or over the surface of the slanted cul- 
ture-medium in a test-tube ; or by drawing it over the sur- 
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face of the medium in one test-tube, then, without steriliz- 
ing, over the surface of another, perhaps over several in 
succession. 

Appearance of the Colonies The colonies obtained in 

the Petri dishes or roll-tubes may be studied with a hand- 
lens or with a low-power microscope. In the latter case, 
use the concave mirror with the iris diaphragm partly closed. 
The colonies present various appearances. Some of them 
are white, some colored ; some are quite transparent and 
others are opaque; some are round, some are irregular; 
some have a smooth surface, others appear granular, and 
others present a radial striation. Surface colonies often 
present different appearances from those occurring more 
deeply. Surface colonies are likely to be broad, flat and 
spreading. If the colony consists of bacteria which have 
the property of liquefying gelatin, a little funnel-shaped pit 
or depression forms at the site of the colony. The appear- 
ance of colonies may be of great assistance in determining 
the character of doubtful species. The appearance in gela- 
tin plates of the colonies of the spirillum of Asiatic cholera, 
for instance, is one of the most characteristic manifestations 
of this organism. 

Pure Cultures. — ^From these colonies pure cultures may 
be obtained by what is called " fishing." Select a colony 
from which cultures are to be made ; touch it lightly with 
the tip of a sterilized platinum wire, taking great care not 
to touch the medium at any other point. Introduce the 
wire into a tube of gelatin. Sterilize the wire and plug the 
tube. In a similar manner, and from the same colony, in- 
oculate tubes of agar, bouillon, milk, potato and blood- 
serum. At the same time it is well to make a smear prepa- 
ration from the colony and to stain with one of the aniline 
dyes so as to determine the morphology of the bacteria. 
The growths which take place in the tubes should contain 
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one and the same kind of bacteria. As seen under the mi- 
croscope their bacteria should have the same general form 
and appearance as those seen in the colony from which 
they were derived. This will be the case, provided the 
colony has resulted from the development of a single bac- 
terium or from several bacteria of the same kind. Occa- 
sionally, however, a colony will develop from several bac- 
teria which may not all be alike. In that case a pure 
culture will not be obtained, and the process of plating may 
have to be repeated. 
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CHAPTER VI. 

INOCULATION OF ANIMALS. 

In the study of pathogenic bacteria, the inoculation of 
animals is frequently indispensable. The animals most 
often used are white mice, guinea-pigs, rabbits and pigeons. 
Larger animals are occasionally employed for special pur- 
poses. White mice may be kept in a glass jar covered 
with wire netting. They may be fed with moistened 
bread or oats. It is important to see that they receive 
drinking-water. During inoculation the mouse must be 



Fig. 34.— Mouse-holder. 

kept in position by some sort ot mouse-holder, or may be 
held by an assistant, who takes the skin at the back of the 
neck between his fingers and at the same time holds the 
tail. The hair is cut off from the skin at the root of the 
tail. A small V-shaped opening in the skin is made with 
scissors, and a stiff sterilized platinum wire is passed into 
this opening, separating the skin from the muscles for some 
distance so as to make a pocket. Into this pocket the ma- 
terial is introduced by means of the platinum wire. The 
wound may be covered with collodion. The peritoneal 



Digitized by 



Google 



INOCULATION OF ANIMALS. 81 

cavity of the mouse may be inoculated with a fluid-culture 
introduced with a sterile hypodermic syringe. 

Guinea-pigs and rabbits, after inoculation, are to be kept 
in cages of galvanized iron and wire-netting. The bottom 
may conveniently be made in the form of a movable pan 
which permits of the disinfection of the excreta. Rabbits 
and guinea-pigs may be fed with oats, carrots, cabbage, 
grass, and the like. Guinea-pigs and rabbits may be held 
by an assistant or tied by the legs upon a board. The hair 
over a small portion of the abdomen is cut away, and a 
short incision is made through the skin ; a pocket is pro- 
duced with a stiflF wire, and the material introduced with a 
platinum wire. The wound may be covered with collo- 
dion. Sutures may be used if the wound is large. The 
peritoneal cavity may be inoculated with a previously ster- 
ilized hypodermic syringe; or an incision may be made 
which reaches to the peritoneal cavity, into which the de- 
sired substance may be introduced with a platinum wire, 
the incision being closed with sutures. 

Intravenous inoculation is most commonly practiced upon 
rabbits. A small vein which is near the posterior margin 
of the ear of the rabbit is easily reached from the dorsal 
'surface; the hypodermic needle is introduced directly into 
this vein. In making a hypodermic injection, the needle 
and syringe should of course be sterilized before and after 
each operation. 

Autopsies upon animals should be held as soon as possi- 
ble after death. During the interval the body should be 
kept on ice. The animal should be extended on its back 
upon a board. The legs may be fastened with pins or 
tacks. After beginning the autopsy the hand should not 
touch the animal. Knives, scissors and forceps should be 
sterilized in the flame after each manipulation. Be ready 
to make smear preparations on cover-glasses, and to inocu- 

8 
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late tubes of gelatin, agar and other media as desired. 
Make an incision, passing through the skin from the ster- 
num to the pubis along the thorax and abdomen, and diagonal 
incisions extending down the fore and hind legs. Dissect 
away the skin from the thorax, abdomen and upper parts 
of the legs. With a knife heated in the flame, sear a broad 
line extending down the middle of the abdomen. Through 
this burned surface make an incision through the muscles 
of the abdomen. In a similar manner make a transverse 
incision across the middle of the abdomen through a burned 
surface. Cultures should be made from the peritoneal 
cavity, and smears upon cover-glasses prepared, which are 
afterwards to be stained. With a hot knife, scorch a small 
area on the surface of the liver ; through this surface enter 
the liver with a sterilized platinum wire, and with the ma- 
terial withdrawn inoculate the tubes ; also make cover-glass 
preparations. In the same manner inoculate tubes and 
make cover-glass preparations from the spleen, the kidneys, 
the pleural cavity, the pericardial cavity, the lungs, and the 
blood inside the heart. All incisions are to be made 
through the burned surfaces, and all material collected for 
inoculation is to be obtained through burned surfaces. 
Every time a knife or scissors has been used for cutting* 
any structure it should be sterilized in the flame. In ster- 
ilizing the instruments avoid sputtering, especially when 
they become covered with oil from adipose tissue. Pieces 
of lung, liver, spleen, kidney and other organs, as may be 
indicated, should be placed in 95 per cent, alcohol for fixa- 
tion and hardening. The animal and the board on which 
it was extended should be burned, and the cage or jar and 
the instruments used should be sterilized by steam. The 
hands of the operator should be washed thoroughly with 
soap and water and with a 1-1000 solution of bichloride of 
mercury. 
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CHAPTER Vn. 

COLLECTION OF MATERIAL. 

Samples of water or milk collected in sterilized tubes or 
bottles, when they are not examined immediately, or when 
they are to be transmitted any distance, should be kept on 
ice. Specimens of sputum may be collected in clean bot- 
tles tightly corked. They should be examined as soon as 
possible. Although decomposition appears not to interfere 
with the staining properties of the tubercle bacilli, the spu- 
tum should be fresh in order that the other bacteria con- 
tained in it may be studied. Therefore it should be free 
from contamination with putrefactive germs. Further- 
more, valuable information can also be obtained by exami- 
nation of the sputum in a fresh condition before staining 
{see also page 30). 

Samples of urine keep better after the addition of a few 
crystals of thymol, which retards fermentative processes, so 
that the sedimentation of the bacteria and of other solid 
matter in conical vessels is facilitated, although that purpose 
oan be accomplished at once by the centrifuge. Thymol 
will also be a useful addition, as far as a bacteriological ex- 
amination is concerned, in case samples of urine are to be 
sent by mail, provided that no cultures are to be made. 

Specimens of sputum, pus or blood may be collected con- 
veniently in the form of thin smears upon cover-glasses. 
The smears are fixed by passing through the flame three 
times. Smears of blood are prepared as follows : Have two 
perfectly clean, square cover-glasses. The finger, or the 
lobe of the ear, having been carefully washed with water. 
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alcohol, and ether, is punctured with a sterilized needle^ 
and a small drop of blood issues which is wiped away. 
The second drop of blood should be taken; it should be 
about the size of a pin's head. No pressure on the finger 
should be used. This drop of blood is placed on one of the 
cover-glasses. The other cover-glass is laid upon the first,, 
both being handled with forceps. The drop of blood be-^ 
comes flattened out into a thin film. Immediately and be- 
fore the blood has had time to coagulate the two are drawn 
away from each other in a horizontal plane, not forcibly 
pulled apart. The blood, therefore, will be spread in a thin 
film on the cover-glasses. It is best to place the cover-glasses- 
so that one does not cover the other exactly, but so that the 
sides of the one lie at right angles with the sides of the other^ 
although their centers coincide (Fig. 35). Films of blood 
which are to be examined for the para- 
site of malaria may be prepared in this 
manner. Samples of blood to be used 
for the Widal reaction for typhoid fever 
need to be pretty good-sized drops of 
blood, which may be collected on cover- 
FiG.35.-Mi[^nerofPiac- glasscs or picccs of paper and allowed to- 
uik^FiimB^mo^. dry. To test blood by culture methods,. 

(After Cabot.) t i -* • j j* 

rarely as much as 1 c.c. is drawn from a 
vein during life, using a sterilized hypodermic syringe and 
all antiseptic precautions. 

At Autopsies on human subjects plate-cultures should 
be made, if possible, directly from the organs. In all cases- 
organs should be entered by the platinum wire through a 
burned surface. The method of isolation by streaking the 
platinum wire containing the material under examination 
lightly, several times, over the surface of an agar plate, will 
be found convenient. At the same time smears should be 
made from the organs upon cover-glasses for microscopical 
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«tudy, and portions of the organs should be saved and hard- 
ened in alcohol. 

A convenient device for the collection of infected mate- 
rial is a stiff wire wound with a pledget of absorbent cotton at 
one end, the whole sterilized in a tube, as recommended by 
Warren for collecting pus and other fluids for examination, 
^nd as introduced by W. H. Park for the collection of ma- 
terial from the throat in cases of suspected diphtheria. 

The so-called Sternberg bulb is valuable for the collec- 
tion of fluid materials for examination. A short piece of 
glass tubing is taken; at one end is blown a bulb; the 
other end is drawn out to a long, fine point. To introduce 
the substance into the bulb, the ex- 
panded end is heated in the flame ; 
the point is broken and introduced 
below the surface of the fluid which 

xv 1. 11. 1 Fig. 36.-Sternberg Bulb. 

IS to be collected ; as the bulb cools, 

the air in it contracts and draws the fluid into it. When it 
has taken up as much as it will, the point may again be 
closed in the flame. 

Concerning the transmission of materials containing bac- 
teria in the mails, the ruling of the post-oflice department 
of the United States, January, 1898, is as follows: 

" That the order of the Postmaster General of June 1, 1893, forbidding the 
use of the mails for the transmission of specimen germs of cholera or other 
diseased tissues, is hereby modified to this extent : 

^ ^ Specimens of diseased tissues may be admitted to the mails for transmis- 
sion to United States, State or municipal laboratories, only when inclosed in 
mailing packages constructed in accordance with the specifications herein- 
after enumerated. Upon the outside of every package shall be written or 
printed the words: * Specimen for bacteriological examination.' No pack- 
age containing diseased tissue shall be delivered to any representative of any 
of said laboratories until a permit shall have first been issued by the Post- 
master General, certifying that said institution has been found to be entitled, 
in accordance with the requirements of this regulation, to receive such speci- 
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The specifications prescribing the manner of packing, 
which are minute and complicated, may be obtained from 
local postmasters. See Postal Guide, January, 1898, ruling 
IJo. 82, page 901. 
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CHAPTER I. 

classification; general morphology and physiology of 

bacteria. 

The relationships existing between bacteria and other 
kinds of organisms are not perfectly clear. It is quite gener- 
ally conceded, however, that bacteria are plants. They show 
affinities with both the lower algse and the lower fungi, and 
they have even some points of resemblance with certain of 
the protozoa. On account of their extreme smallness it is 
impossible to analyze the structure of the individual bac- 
teria and to contrast the structure of one with that of an- 
other. The classification cannot therefore be established 
on anatomical grounds, as is done with large animals or 
plants, but we are obliged to rely upon their behavior on 
culture-media, the appearances of the growths, and the pro- 
duction of certain substances with peculiar chemical reac- 
tions, when we wish to establish the points of difference be- 
tween one species and another — all of which is extremely 
unsatisfactory and probably not perfectly reliable. It is 
likely that forms which are now considered as different 
species are not really such in all cases, and also that differ- 
ent species may now be included under one heading as a 
single species. There are even said to be a few species of 
bacteria that possess chlorophyll. The majority of bacteria 
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have no green coloring matter. Notwithstanding the un- 
satisfactory condition of the classification of bacteria, it 
must not be supposed that the species of bacteria are not 
permanent. For instance, it would be incorrect to imagine 
that it is possible for the micrococci and spirilla to become 
converted into species of bacilli, or for the bacilli of one 
species to be transmuted into those of another. This does 
not contradict the statement that we may frequently^ 
through erroneous and imperfect information, be in the 
habit of including unlike species under one name, or of clas- 
sifying mere varieties of one species as entirely different 
species. At present the simple division of bacteria into 
three great generic groups is as good as any: micrococci^ 
spherical forms; bacilli^ rod-shaped forms, one diameter 
being in excess of the others ; spirillay twisted like a cork- 
screw, making long spirals or simply parts of spirals 
(comma-shaped forms). 

The micrococci are subdivided into staphylococci^ where 









Sbp)iybcM<\. Sireptoepccl. DipIoecMu Telr«dft. SArcin«e. 

Fig. 37. 

the spheres grow in clusters like a bunch of grapes ; strep- 
tococci^ where they are arranged in long rows or chains, like 
a string of beads ; diplococci, or pairs of micrococci ; tetrads, 
where the individual spheres are grouped in fours ; sarcinoBy 
where they are grouped in eights, making the outline of a 
cube, resembling a bale or package tied with rope. 

The bacilli are not usually subdivided in this manner, 
although their forms vary considerably. The ends are 
sometimes square, sometimes round. Sometimes they are 
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very short, and sometimes they grow in longer, thread-like 
forms, in which, however, the transverse markings which 
indicate the outlines of the individual 
bacilli can generally be seen. Short 
oval bacilli may look exceedingly like 
micrococci. Under exceptional circum- 
stances, branching forms of the bacilli 
of diphtheria, tuberculosis and glanders Fio.38.-^iiii of various 
have been encountered. 

The word " bacterium " was formerly used to designate 
short bacilli which generally formed no spores, while the 
word bacilli was restricted to the longer forms in which 
spore formation occurred. This use is no longer common, 
although not rarely the name bacterium is still given to a 
species — ^for instance, bacterium coli commune. 

Spirilla present a very great variety of form. The short 
** comma-shaped bacilli " are only parts, at most, of spirals. 







Fig. 39.— Spirilla of various forms. 



although the microbes of cholera do sometimes form long 
spirals. On the other hand, there are among spirilla large 
and long sinuous figures which present most remarkable 
pictures under the microscope ; for example, the spirillum of 
relapsing fever. Formerly spirilla without very marked 
windings were called " vibrios ;" and long, wavy forms with 
corkscrew-like windings ^' spirochcetae f^ and the rigidly 
spiral forms were denominated '' spirilla.^^ These defini- 
tions have for the most part lost their significance, although 
the names still linger in nomenclature. 

Beside the classification already mentioned, bacteria are 
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sometimes grouped according to certain other qualities. In 
general botany, saprophytes are plants that grow on decay- 
ing vegetable matter. In a bacteriological sense, sapro- 
phytes are bacteria which grow in external nature on dead 
organic matter, 9^Jid. parasites are bacteria which exist upon 
the living tissues or fluids of any organism. Nearly synony- 
mous with the above words are those which do not and 
those which do produce disease, or non-pathogenic and patho- 
genic. The eidjectiYes facultative, or optional, and obligate^ or 
strict, are used to qualify the above terms and many others. 

Size Bacteria vary greatly in size. The micrococci are 

usually 1 /* or less in diameter. The short diameters of 
bacilli and spirilla also are less than 1 /£ as a rule, while 
the length may be several At. The anthrax bacillus (1.5 fx 
X 3 to 10 itt) and the spirillum of relapsing fever are the 
largest bacteria known to be pathogenic to man. To say 
that a micrococcus is 1 At in diameter means that 25,000 
end to end would make a line 1 inch long. It has been 
estimated that 1 milligram of a pure culture of the staphy- 
lococcus pyogenes aureus contains 8,000,000,000 micro- 
cocci. 

In stained preparations the bodies of bacteria frequently 
seem to be homogeneous. On the other hand, they may 
exhibit certain spots which stain more intensely than 
others, the stained spots alternating with clear areas repre- 
senting vacuoles. 

In old cultures bacteria are 
likely to show deformed and 
twisted outlines called involution 
forms (Fiff. 63). It is not uncom- 

Fio. 40.— Bacteria with capsules. ^ n -i > i it. 

mon for bacteria to be enclosed m 
a kind of envelope of some clear substance, which stains 
with difliculty.or not at all, called a capsule (Fig. 40). The 
paired micrococci of pneumonia are enclosed in such cap- 
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sules. The capsule is more likely to be demonstrated when 
the bacteria are obtained from the fluids derived from 
the animal's body than when they have been grown artifi- 
cially in culture-media. A zoogloea is a large mass of bac- 
teria held together by a mucilaginous substance. 

The composition of bacteria varies considerably with 
different species. The basis appears to be an albuminous 
substance called mycoprotein. 

The multiplication of bacteria takes place in almost all 
cases by transverse fission. The formation of tetrads or 
sarcinse from micrococci depends upon fission in two or 
three planes. Repeated fissions of micrococci in one plane 
result in the formation of streptococci. Micrococci that 
have recently divided are likely to be somewhat flattened. 
Multiplication under favorable circumstances may take place 
at a phenomenally rapid rate. Bacilli have been observed 
to divide in twenty minutes. If division takes place once 
in an hour, the progeny of one organism at the end of 
twenty-four hours will be 16,772,216, i.e., (2x1)^. The or- 
dinary form of reproduction by fission is called vegetative^ 
and bacteria that are multiplying in this manner are often 
spoken of as being in the vegetative condition. 

Spores. — ^Under certain circumstances the reproduction 
of bacteria takes place by means of bodies called spores. 
They appear in a typical form in the large bacilli, where, near 
the centers of the bacilli, highly refracting, shining spots 
may be seen which are found to stain less rapidly with 
the aniline dyes than the rest of the bacilli (Fig. 68). 
They are not to be confused with the unstained spots de- 
scribed as vacuoles. On account of their being formed from 
a part of the interior of the bacterium, such spores are 
called endogenous. These spores are found mostly in the 
bacilli, rarely in spirilla, and in micrococci. They are what 
is meant when the word spore is used alone without quali- 
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fication. The existence of another kind of spore, described 
as forming fipom micrococci chiefly (called arthrospore)y is 
doubtftil. At all events, its significance is not at present 
understood. Spores develop mostly though not always un- 
der adverse conditions of various kinds, as of temperature 
and of nutrition. They are more resistant to unfavorable 
influences of all sorts than are the fully-developed bacteria. 
Spores resist drying, light, heat and chemical agents to a 
remarkable degree, at times. 

Anthrax spores are said to have been found which could 
withstand steam for twelve minutes, 1-1000 mercuric chlo- 
ride for nearly three days, or 5 per cent, carbolic acid for 
more than forty days. The greatest resistance is displayed by 
the spores of some of the saprophytic bacteria, particularly 
those of hay and potato, which are sometimes not destroyed 
by several hours of steaming ; and bacteria are said to have 
been obtained from the soil which resisted 100° C. for six- 
teen hours. When cultivated at a temperature as high as 
42° C. the anthrax bacillus becomes incapable of forming 
spores. Spores themselves do not multiply, nor do they 
manifest any activity. Spores may be located at the center 
of the bacillus, or nearly at one end when the end of the 
bacillus is likely to enlarge, making a form having the 
shape of a drumstick, as takes place with tetanus bacilli. 
When a bacillus assumes a spindle shape on account of hav- 
ing the middle part bulged through the formation of a 
spore it is called a Clostridium. Under favorable condi- 
tions the spores germinate, as it is called, and develop to 
the adult form of the organism. This may be witnessed in 
hanging-drop preparations. 

Motility. — Motility is rarely exhibited by micrococci; 
some bacilli possess it and some do not ; while nearly all 
of the spirilla are motile. The phenomenon is observed in 
the hanging-drop. The degree of motility is variable, being 
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sometimes slight and sometimes very active. When seen 
under a high power the little particles taken from a culture 
of a motile organism may look like a writhing mass of 
maggots or like tadpoles in a pool. The motility is most 
active in young cultures. The movement results from 
the vibration of little processes, or flagella (Fig. 72). Of 
these there may be one or several. They may be placed 
singly or in groups, at the end, or scattered around the 
sides. They are extremely difficult to demonstrate except 
by special staining methods, which, furtherniore, are de- 
cidedly capricious. After the flagella have been stained, 
the bacteria appear somewhat larger than when stained by 
the ordinary methods. The flagella upon the bacilli of 
typhoid fever are numerous and form a very striking picture. 
Chemotaxis. — Motile bacteria possess the property of 
being attracted by certain substances (positive chemo- 
taxis) and of being repelled by others (negative chemotaxis). 
Similar properties are widely distributed among living 
cells, both animal and vegetable. 

Conditions Favorable for the Growth of Bacteria. 

Warmth Among the different kinds of bacteria forms 

are said to exist which are known to multiply at points all 
the way from 0° C. to 70° C. Bacteria which flourish at 
a very high temperature (maximum 70° C.) are called ther- 
mojphilic. The pathogenic bacteria usually flourish better 
at a point somewhere near the temperature of the human 
body. This is not necessarily the case with the non-patho- 
genic species. Ordinary water bacteria thrive better at or- 
dinary temperatures. 

Sternberg's method for determining the thermal death- 
point of a species of bacteria is to draw portions of a 
pure culture of the organism into capillary tubes with ex- 
panded ends, and the tubes are sealed in the flame. The 



Digitized by 



Google 



94 MANUAL OF BACTERIOLOGY. 

tubes are supported upon a glass plate placed in a water-bath, 
whose temperature is indicated by a thermometer, while a 
uniform temperature is secured by stirring. The time of 
exposure is, as a rule, ten minutes. 

Moisture is indispensable to the growth of bacteria, and 
drying causes the death of certain kinds, as, for instance, 
the spirillum of cholera. 

Food. — On account of the absence of chlorophyll, bacteria 
require, as part of their food, organic compounds containing 
carbon, such as sugar. They are unable, with possibly a 
very few exceptions, like the nitrifying bacteria, to derive 
their carbon from the carbon dioxide of the atmosphere, 
or from inorganic carbon compounds. Although some 
species are able to obtain nitrogen from inorganic salts, 
most bacteria flourish best if organic substances containing 
nitrogen, like peptone and albumen, are furnished them as 
part of their food. The complicated, unstable, organic 
molecules with high potential energy are converted by them 
into the simple and more stable compounds like carbon 
dioxide, ammonia and water, with the liberation of energy. 
These facts become manifest in connection with their im- 
portant work in decomposition, putrefaction and fermenta- 
tion. A culture-medium having a slightly alkaline or neu- 
tral reaction is favorable to most bacteria. 

The prolonged artificial cultivation of bacteria may or 
may not modify their properties. The pathogenic bacteria 
are likely to undergo considerable modification both in the 
quality and luxuriance of their growth and the intensity of 
their pathogenic characters. 

The growth of bacteria may eventually be hindered by 
the accumulation of the products of their own metabolism. 
Many bacteria refuse to grow on culture-media at all. Some 
species are extremely fastidious, and can only be propagated 
on particular sorts of nutrient substances. 



Digitized by 



Google 



GENERAL MORPHOLOGY AND PHYSIOLOGY OF BACTERIA. 96 

Relation to Oxygen — Oxygen is indispensable to the 
existence of some bacteria, aerobes. Its absence is equally 
indispensable to certain others, anaerobes. Others still are 
able to flourish either in the presence or absence of oxygen, 
facultative aerobes or anaerobes. The first-named varieties 
are sometimes called strict, or obligate aerobes or anaerobes. 

Effects of Sunlight — ^Direct sunlight kills the vegeta- 
tive forms of bacteria more or less rapidly, and constitutes 
one of the most eflSicient among the natural methods of dis- 
infection. Diffuse light acts much more slowly. Spores 
are affected less or not at all. 

The influence of electricity upon bacteria has not yet been 
fiilly studied. Apparently the destruction of bacteria re- 
ported as having been effected by electricity was the result 
of electrolysis. 



Digitized by 



Google 



96 MANUAL OF BACTERIOLOGY. 



CHAPTER n. 

PRODUCTS OF THE GROWTH OF BACTERIA. 

Phosphorescence. — ^Bacteria, whose cultures exhibit 
phosphorescence, have been found in the ocean and in fish. 

Chromogenic Bacteria. — Many bacterial growths display 
brilliant coloring. The diflerent species of sarcin«e are 
remarkable for forming highly-colored growths ; some of 
them are rose-red, some orange-yellow, some lemon-yellow, 
and so on. The micrococcus prodigiosus presents a brilliant 
red growth whose rapid development is said to have formed 
the basis for the so-called " Miracle of the Bleeding Host " 
(see page 13). The bacillus pyocyaneus in cultures gives 
a brillant green fluorescence and is responsible for the color 
of blue or green pus. 

Bacilli which exhibit a green fluorescence in cultures are 
common in water. In cultures on potato or agar the colors 
of the chromogenic forms are usually well shown. 

Ferments or Enzymes — ^Many bacteria form ferments 
which have the power of dissolving proteid substances in a 
manner similar to trypsin. The liquefaction of gelatin 
is a familiar example of this process. The property of 
liquefying gelatin, or otherwise, is used in classifying bac- 
teria and in determining the nature of unknown species. 

Some bacteria, as the bacillus coli communis, form fer- 
ments which act like rennet in coagulating milk. Other 
bacteria act like diastase, forming glucose from starch. 
Others have the power of changing cane-sugar into glucose. 

Bacteria which are able to decompose cellulose are 
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found in the stomaclis of ruminant animals. Although it 
is doubtful whether the products of cellulose decomposi- 
tion have any nutritive value, the process is useful in effect- 
ing a subdivision of the coarse food, consisting 
of grass, hay, and the like. 

Some bacteria have the power of decompos- 
ing neutral fats into fatty acids and glycerin, 
after the manner of the fat-splitting ferment of 
the pancreatic juice. 

The end-products which result from the 
growth of bacteria upon albuminous nutrient 
media are very numerous. They are compli- 
cated and not well understood. Among these 
end-products may be mentioned peptone, indol, 
skatol, phenol, leucin and tyrosin. Nearly 
related are the ptomaines and toxins, which 
play an important part in the production of dis- 
ease by pathogenic bacteria. In the decompo- 
sition of urine by bacteria the urea is converted 
into ammonium carbonate. 

The formation of indol in cultures is an im- tureli/staphy' 
portant peculiarity of certain bacteria. The ^^eT^au?eus 

test is as follows: The bacteria are cultivated facuou of gela- 
tin, 
in Dunham's peptone solution; after twenty- 
four to forty-eight hours the test may be made. Add 
ten drops of concentrated sulphuric acid; the develop- 
ment of a rose-color indicates the presence of both indol 
and nitrites. If no rose-color forms, to another tube add, 
first 1 c.c. of a 0.01 per cent, solution of sodium nitrite, 
and then the sulphuric acid. The development of a rose- 
color indicates the formation of indol but not of nitrites. 
If there is no rose-color, no indol has been formed. The 
color appears usually in a few minutes, but it may only de- 
velop after a somewhat longer time. Control tests must be 

9 



Digitized by 



Google 



98 MANUAL OF BACTERIOLOGY. 

made upon tubes of the same peptone solution but which 
have not been inoculated. The reaction may be hastened 
by warming slightly. The value of this reaction will be 
understood when, to give one illustration, it is remembered 
that the bacillus coli communis produces indol and the ba- 
cillus of typhoid fever does not. The reaction depends 
upon the liberation of nitrous acid, which, with indol, 
forms a red color. 

The change of organic substances into more stable ones 
does not cease with the compounds mentioned above. Cer- 
tain bacteria of the soil which will be discussed further on 
are able to complete the conversion of ammonia into ni- 
trous acid (leading to the formation of nitrites) ; and others 
still that of nitrites into nitric acid, which at once forms 
nitrates. 

Formation of Acids. — In the course of their growth 
many bacteria produce acids, especially from substances 
containing sugar. The power of developing lactic acid is 
possessed by a large number of species. Acetic acid is 
another common by-product. Besides these, butyric acid, 
formic acid, propionic acid and many more are formed by 
different bacteria. 

Development of Gas — The evolution of gas from bac- 
terial growths is of frequent occurrence. Carbon dioxide, 
hydrogen sulphide and nitrogen are among the better- 
known gases that may be formed. The odors that arise 
from cultures and that are so characteristic of putrefactive 
processes depend upon the development of gases, or a mix- 
ture of gases, of considerable complexity. The bacillus 
aerogenes capsulatus leads sometimes to the formation of 
gas in the organs of the human cadaver within a short 
time after death. T. Smith considers the formation of 
gases in media containing sugar of importance in discrimi- 
nating between different species. Bouillon containing 1 
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per cent, of dextrose, lactose or saccharose is the culture- 
medium advised. 

The test is best conducted in a U-shaped tube, closed at 
one end, and at the other end provided with a bulb (Pig. 
42). The tube is stoppered with cotton, 
sterilized by dry heat, afterward filled 
with the bouillon, and sterilized by 
steam in the usual manner. After the 
last sterilization it should be tilted until 
the closed end is completely filled with 
the medium. After it has been inocu- 
lated with the species under considera- 
tion, any development of gas will be in- 
dicated by the collection of the gas at the 
closed end. The amount of gas formed 
may be estimated and its quality tested. 
The addition of a 2 per cent, solution 
of sodium hydrate, followed by shaking, 
causes the absorption of the carbon di- < 
oxide and diminution in the quantity of no. 42. - rermentation- 
gas. The portions which remain may ^^^' 
be mixed with air and ignited, when the presence of hy- 
drogen and some of its compounds will be indicated by an 
explosion. 

The development of gas may readily be tested by insert- 
ing the bacteria by a deep puncture into agar containing 1 
per cent, of dextrose. The development of gas causes bub- 
bles to form in the agar, often to the extent of splitting it, 
and sometimes forcing out the cotton plug. 

The activities of bacteria which have just been enumer- 
ated are ftindamental to the phenomena which go by the 
names of fermentation and putrefaction. These words have 
been defined diflFerently at different times and by different 
writers, but in general both are used as names for the 
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breaking up of complex organic compounds by microorgan- 
isms with the formation of simpler compounds. Fermen- 
tation refers especially to the fonnation of useful products 
like alcohol. The term putrefaction is employed chiefly for 
the breaking up of nitrogenous compounds with the devel- 
opment of foul-smelling gases. Fermentation is also the 
term applied to the decomposition of complex substances 
through the influence of unorganized ferments or enzymes. 

The work of bacteria in fermentation and putrefaction is 
indispensable to the existence of the organic world as we 
find it. While green plants convert the stable compounds 
of nitrogen, the carbon dioxide of the atmosphere, and 
water into the complex and unstable albumens and carbo- 
hydrates which serve as food for animals, animals, on the 
other hand, have to convert these unstable and complex 
compounds back into simpler forms. The work of chang- 
ing them back into the simple and stable condition, in 
which they serve as the food for plants, is performed by 
animal life in part only, and its completion is left to the ac- 
tivities of bacteria. It is the work of bacteria in this di- 
rection which we call fermentation and putrefaction. With- 
out that work, as we understand it, the existence of life 
upon the earth would soon come to an end, and the dead 
and undecomposed bodies of living things and their products 
of all kinds would lie about unchanged, as they had fallen. 

Bacterium termo is the name formerly given to a sup- 
posed species of bacteria which was credited with being the 
producer of putrefaction. The individuals were represented 
as being short rods, mostly going in pairs, and actively 
motile. The term has been abandoned since it appears to 
have included a number of different species. 
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CHAPTER m. 

SYSTEMATIC STUDY OF A SPECIES OF BACTERIA. 

In order to conduct the study of any species of bacteria 
it is necessary to have the organism isolated in a pure cul- 
ture by the plate-method, or by some other method already 
described. Having thus obtained the organism in pure 
culture, it is to be examined with reference to its behavior 
in certain particulars. It is well for the beginner to study 
a few known species of saprophytes obtained from some re- 
liable laboratory in pure culture. The points which are to 
be considered can be illustrated best by presenting them in 
tabular form, filling out the items of the table for a given 
species of bacteria. 

1. Name. 

2. Habitat or source. 

3. Morphology, Grouping. 

4. Size. 

5. Spore formation. 

6. Motility, Flagella. 

7. Staining properties. Behavior by Gram's Method. 

Growth on culture-media. 

8. Gelatin. Colonies in gelatin plates. 

9. Agar. 

10. Bouillon. 

11. Milk. 

12. Potato. 

13. Blood-serum. 

14. Relation of growth to temperature. 

15. Relation to oxygen. 

16. Production of gas. 

17. Production of acid. 
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18. Production of indol. 

19. Pathogenesis. 

In commencing the study of bacteriology the pupil should 
perform the different manipulations described in Part L, in- 
cluding in particular the manufacture of the most impor- 
tant culture-media. Having culture-media prepared, it is 
customary to study a number of species of non-pathogenic 
bacteria. It is well to choose species which have proper- 
ties decidedly different from one another. The micrococci, 
bacilli and spirilla should be represented ; forms that are 
motile and that are not; species that form spores and others 
that do not form spores ; some that liquefy gelatin and some 
that do not. There should be chromogenic forms, and 
species that ferment dextrose, and that produce indol, — such 
species as some of the sarcinse, the bacillus coli communis, 
the hay bacillus, the potato bacillus, bacillus prodigiosus, a 
bacillus fluorescens and spirillum rubrum. It is well, when 
possible, to obtain material directly from nature rather than 
from laboratory, stock, pure cultures. This may readily 
be done in the case of the hay bacillus and the potato ba- 
cillus. Fecal matter may be spread on gelatin plates and 
the bacillus coli communis obtained in pure culture. Fluo- 
rescing bacilli are very common in water. Some organisms 
like spirillum rubrum can only be had from laboratory cul- 
tures. The pyogenic bacteria, which can easily be isolated 
from pus, may be studied in this connection with great ad- 
vantage. The staphylococcus pyogenes aureus and the 
streptococcus pyogenes should on no account be omitted. 
The diplococcus of pneumonia can most readily be obtained 
from a mouse or a rabbit which has died with pneumo- 
coccus infection. It can be introduced most easily by sub- 
cutaneous insertion, using some of the rusty sputum of a 
case of lobar pneumonia. The cultivation of the pneumo- 
coccus will be found to present difficulties in classes con- 
taining large numbers of students. 
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Representative forms of moulds and yeasts should be 
studied at the same time. Moulds are easily obtained by 
exposing some nutrient substance to the air, covering it, 
and allowing cultures to develop. Yeasts will probably 
grow at the same time. Ordinary brewer's yeast may be 
isolated in pure culture from gelatin plates. Bacteriological 
examinations also should be made of air, soil, water and 
milk. With such simple means, all the important properties 
of bacteria may be demonstrated. 

Experiments in sterilization and disinfection as described 
in Chapter IX., Part 11., may be performed with the bacteria 
mentioned, which present every variety of resisting power up 
to the almost incredible toughness of the spores of the hay 
and potato bacilli. After some proficiency has been ac- 
quired, various pathogenic bacteria may be studied as the 
circumstances of the case require. Some judgment has to 
be used in allowing students to work with pathogenic bac- 
teria. Anthrax, glanders, tetanus, cholera and diphtheria 
all have occurred in laboratory workers through accidental 
infection, sometimes with fatal results. The most important 
precaution, perhaps, is observance of the rule that while 
working in the laboratory, nothing should be put in the 
mouth. Cultures of pathogenic bacteria should be thor- 
oughly sterilized before the tubes are cleaned. The writer 
is in the habit of having tubes containing pathogenic bac- 
teria placed in the steam sterilizer for an hour on each of 
three days, and of having the plugs removed and burned 
and the tubes filled with 5 per cent, carbolic acid between 
the second and third sterilizations. In taking these measures, 
the same kind of reasoning applies as that which induces 
engineers to give bridges from four to six times the strength 
they need to bear the greatest strain likely to be put upon 
them, or to make the boiler of a steam engine strong enough 
to bear six times the greatest pressure which it is expected 
that the steam contained in it will exert. 
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CHAPTER IV. 

DISTRIBUTION OF BACTERIA. 

The Bacteria of the Soil — Bacteria are present in the 
soil in enormous numbers — 100,000 or more in 1 c.c. of vir- 
gin soil, according to Fliigge. The depths to which they 
penetrate will depend upon the character of the soil and 
the character of the life upon it, and whether or not it has 
been artificially disturbed, as by cultivation. In general, at 
a depth of 1.25 meters (about four feet) the number will 
have become very small, and a little deeper the soil will 
be entirely sterile. 

The bacilli of tetanus and malignant edema are present 
in the soil of many localities. According to Woodhead, 
certain savage tribes of Africa and the East Indies use as 
an arrow-poison soil that is capable of producing tetanus. 
The bacillus of anthrax may be found in soil which has 
been infected with this organism. It is possible* that the 
organism of malaria, which is not bacterial, but a protozoon, 
may exist in the soil. 

Most of the bacteria of the soil are harmless and useful 
saprophytes. The nitrifying bacteria of Winogradsky be- 
long to this class. An organism called nitrosomonas has 
been discovered which possesses the power of converting 
ammonia into nitrous acid which forms nitrites, while an- 
other, the nitromonas, completes the change of nitrites into 
nitrates. The nitrifying bacteria will not grow upon the 
ordinary culture-media, and their cultivation presents great 
difficulties. Bacteria have been credited with the assimila- 
tion of free, atmospheric nitrogen, resulting in the addition 
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of a valuable proportion of nitrogen compounds to the soil. 
Inasmuch as a large part of the excrementitious products of 
animals containing nitrogen are not retained in the soil, 
where they may be employed as food by plants, but are 
washed directly or indirectly into the sea by means of sewage 
and the rivers, it will be seen that the supply of nitrogen 
compounds might be in a way to suffer gradual exhaustion. 
Furthermore, it has already been noticed (Chapter II., Part 
11.) that one of the products of decomposition by bacteria is 
nitrogen, which is not available to animals and most plants as 
food. These facts have met with practical recognition by agri- 
culturists in the adoption of various methods of fertilizing the 
soil. It appears that the roots of peas, beans and other legu- 
minous plants frequently present minute tubercles. These 
tubercles are pathological growths, caused by the develop- 
ment of microorganisms related to the bacteria. The organ- 
ism, called by Prazmowski bacillus radicicola, appears to 
have the power of assimilating atmospheric nitrogen and of 
converting it into nitrogen compounds. Experiments show 
that these observations may be destined to be of great value 
to the farmer. 

The bacteria of the soil may easily be studied in plate- 
cultures made from small portions of soil collected with the 
necessary precautions to avoid contamination, or plate-cul- 
tures may be made from sterilized water with which a por- 
tion of the soil has been properly mixed. Anaerobic bac- 
teria must be cultivated by the special methods adapted to 
them. 

Bacteria of the Air. — The bacteria of the air will be found 
for the most part clinging to solid particles in suspension 
in the shape of dust. As has already been stated, bacteria 
will not rise from moist surfaces unless forcibly removed, as 
by agitation or currents of air. Conditions of dryness and 
wind tend to increase the number of microorganisms in 
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the air. They are fewer after a fall of rain or snow, and 
the number is smaller in winter than in summer. The air 
of cities contains more germs than that of the country. 
The atmosphere over the sea and at the tops of high moun- 
tains is nearly or wholly free from germs. The bacteria 
which do occur in the air will seldom be pathogenic. Their 
character will depend upon the character of the dust. It 
is obvious that dust which consists in part of the dried, 
pulverized expectoration of cases of pulmonary tuberculo- 
sis may contain tubercle bacilli. Anthrax of the lungs 
sometimes arises in men who handle the wool of sheep 
that were infected wdth anthrax (Wool-sorter's disease), and 
is due to the inhalation of anthrax spores attached to the 
wool. It is likely that the atmosphere in the immediate 
vicinity of cases of the exanthematous fevers may contain 
the organisms, whatever they may be, that cause these dis- 
eases. Malaria is probably conveyed through the atmos- 
phere in some unknown manner. 

In a rough way one may obtain some knowledge of the 
character of the organisms in the air of a given locality by 
removing the cover of a Petri dish containing sterilized 
gelatin or agar for a few minutes, replacing it, and allowing 
the organisms to develop. In most cases a large propor- 
tion of the growths that appear will be moulds. Yeasts 
are also common, and among the bacteria the micrococci 
are abundant. Chromogenic varieties are likely to be 
present. 

A few studies of this character will show that the num- 
ber of organisms that are present depends chiefly upon 
whether the air is quiet or has recently been disturbed by 
draughts, gusts of wind, or sweeping. These facts are of 
fundamental importance in laboratory work, where plate- 
cultures are being studied, if we wish to avoid contamina- 
tion of the plates. Among various devices that have been 
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proposed for the accurate study of the organisms of the air, 
the Sedgwick-Tucker aerobioscope is the simplest and most 
accurate. It consists of a glass tube, one end of which is 
drawn out so as to be smaller than the other. The small 
end contains a quantity of fine granulated sugar ; both ends 
are plugged with cotton, and the instrument is sterilized. 
A definite quantity of air is to be aspirated through the 
large end, after removing the cotton, which may be done 
by means of a suction-pump applied to the other end, or by 
siphoning water out of a bottle the upper part of which is 
connected with the end of the aerobioscope by means of a 
rubber tube. The sugar acts as a filter and sifts out of the 
air the microorganisms which are contained in it. Lique- 
fied gelatin or agar may be introduced into the large end 




Fig. 43.— Sedgwick-Tucker Aerobioscope. 

of the instrument by means of a bent funnel ; and, after re- 
placing the cotton, it may mix with the sugar which dis- 
solves. The culture-medium may be spread around the in- 
side of the larger portion of the tube after the manner of 
an Esmarch roll-tube. The bacteria which were filtered 
but by the sugar will develop as so many colonies upon the 
solidified medium. 

Bacteria of Water and of Ice. — The water of rivers, 
lakes and the ocean always contains bacteria. The number 
of organisms varies greatly in dififerent places and under 
different conditions. The number of different species found 
in water is also very large. Ground-water* contains few or 

* Ground-water is the water which — originally derived from rain or snow 
— sinks through superficial porous strata, like gravel, and collects on some 
Cinderlying, impervious bed of clay or rock. 
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no bacteria under normal conditions, and is therefore suit- 
able for a source of water-supply, when a sufficient amount 
is available. The possibility of contamination of the ground-^ 
water from unusual or abnormal conditions should always- 
be eliminated before it is taken for drinking-water. 

The ordinary bacteria of water are harmless, as far as ia 
known. The diseases most commonly disseminated by 
water are typhoid fever and Asiatic cholera. The spiril- 
lum of cholera will usually die in natural water (not steriU 
ized water) inside of a week ; the bacillus of typhoid fever 
will usually die in two weeks. Under exceptional circum- 
stances these organisms may perhaps maintain their vitality 
for a longer period. They appear, however, to be lesa 
hardy than the ordinary water bacteria. As we now un-^ 
derstand these diseases, the organisms causing them will 
be present only in a water-supply which has been contami-^ 
nated by the excreta from a case of the disease. Notwith- 
standing the rapid death of these organisms in water, they 
may exist long enough to infect individuals habitually 
drinking the water. Many epidemics of cholera and typhoid 
fever have been traced to the discharges from cases of these 
diseases. 

By self-purification of water is meant the removal through 
natural processes of contaminating organisms such as might 
occur from the discharge of sewage into it. It depend* 
upon the deposit of the contaminating material, in the form 
of mud, upon the growth of the ordinary water-plants and 
bacteria (including the work of the nitrifying organisms),, 
and upon the destructive influence of direct sunlight, after 
the dilution of the matter added with a large volume of 
water. It is not usually to be relied upon as a means of 
freeing the water-supply from pathogenic bacteria. 

Filtration. — ^Filtration on a large scale is more commonly 
in use in the continental cities of Europe than elsewhere* 
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The filter consists of successive layers of stones, coarse and 
^ne gravel. The uppermost layers are of fine sand. The 
whole filter is from 1 to 2 meters thick. The sand should 
be 60 cm. in thickness. It may be removed from time to 
time, not becoming less than 30 cm. in thickness. The 
&st water coming from the filter is discarded. The actual 
filtration is done by the slimy sediment which collects on 
the surface of the layer of fine sand. The filter-beds may 
be several acres in extent, and are protected by arches of 
brick or stone. They require renewal occasionally. This 
kind of filtration has come largely into use since the cholera 
epidemic of 1892-93, and it appears to be very effective. 
For other methods for the purification of water-supplies 
consult the works on hygiene. 

The filtration of water on a small scale, as is ordinarily 
done for domestic purposes, is usually entirely useless. 
The so-called Pasteur filter of unglazed porcelain is effect- 
ive if it is properly constructed and if the filter-tubes are 
sterilized by heat frequently (every few days) — conditions 
which are seldom complied with. 

Collection of Samples. — Samples from the water-supply 
of a city may be drawn from the faucet, but the water 
should first be allowed to run for half an hour or longer. 
From other sources the supply should be collected in ster- 
ilized tubes or bottles, taking care to avoid contamination. 
Sternberg bulbs (see page 85) will be found useful for small 
samples. These samples should be examined as quickly as 
possible, for the water bacteria increase rapidly in number 
after the samples have been collected. When transporta- 
tion to some distance is unavoidable the samples should be 
packed in ice. 

The number of bacteria may be determined by making 
plates of a definite quantity of the water with gelatin or agar. 
The amount examined ordinarily is 1 c.c. When the num- 
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ber of bacteria is very large, a smaller quantity must be 
taken, and it may be necessary to dilute the sample ten 
times or more with sterilized water. The amount should 
be measured with a sterilized, graduated pipette. The 
water is to be mixed with liquefied gelatin or agar in a tube 
which has been allowed to cool after melting. After thor- 
ough mixing, remove the plug, burn the edge of the tube 
in the flame, hold in a neariy horizontal position until cool, 
and pour into a sterilized Petri dish. The number of col- 
onies may be counted on the third or fourth day ; the later 
the better, as some forms develop slowly and may not pre- 
sent visible colonies for several days ; but the plates are often 
spoiled after three or four days by the profuse surface growths 



Fig. 44— Wolflf hugel Plate for Counting Colonies of Bacteria. 

of certain forms or by the rapid liquefaction of gelatin, if 
that be used, by other forms. The number of colonies that 
develop is supposed to represent the number of individual 
bacteria contained in the quantity measured. That will 
probably not always be the case, however, as colonies may 
develop from a clump of bacteria which have not been 
separated from one another by the mixing process. Abbott 
has shown that the number of colonies is usually larger on 
gelatin plates than upon agar plates, and at the room tem- 
perature than in the incubator. This observation illus- 
trates the fact that there are doubtless many kinds of bac- 
teria that do not find favorable conditions for development 
on ordinary culture-media. The reaction of the medium 
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has an important influence upon the development of these 
water bacteria in plate-cultures. 

When the number of colonies is small, there is no difli- 
culty in counting them as they appear in the ordinary Petri 



Fig. 45.— Surface Divided in Square Centimeters for Counting Colonies. 

dish. When the number is large, some kind of mechanical 
device may be used to assist counting. The Wolff hugel plate 
is a large square of glass resting in a wooden frame painted 
black (Fig. 44). The glass plate is ruled in squares. It was 
designed particularly with reference to the form of plate- 
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cultures first made by Koch. The Petri dish, however, may 
be placed upon the glass plate and the cross lines be used 
to assist in counting. Lafar and Parks recommend a sur- 
face painted black, ruled with white lines which represent 
the radii of a circle, which may be still further subdivided 
by other lines. Many find counting easier when a black 
surface divided into squares is employed (Fig. 45). An 
ordinary card with a smooth black surface divided into 
squares by white lines may be placed under a Petri dish 
and will be found to serve very well. For the mere exam- 
ination of the colonies no better surface can be devised 
than the ferrotype plate used by photographers. The ex- 
amination of the colonies will be easier if a small hand-lens 
be used. Care must be taken not to mistake air-bubbles 
or particles of dirt for colonies of bacteria. 

In any case, if possible, all the colonies in the plate should 
be counted. The number contained within several squares 
may be counted and the average taken ; knowing the size of 
the squares and the area of the plate, the number contained 
in the whole plate may be calculated. Such estimations, 
however, are likely to give results very wide of the truth. 

The plating may be done by rolling the medium after the 
manner of Esmarch. When the number of colonies is not 
large this may serve very well. Counting may be assisted 
by drawing lines with ink on the outer surface of the test-tube. 

It has been said that a water-supply containing no more 
than 500 bacteria per cubic centimeter is to be regarded as 
safe, one having between 500 and 1000 is to be looked 
upon with suspicion, and that where there are more than 
1000 to the cubic centimeter the water is unfit for drinking 
purposes. It is obvious, however, that the character of the 
bacteria is of prime importance; that pathogenic organ- 
isms may occasionally be present, even when the number of 
bacteria to the cubic centimeter is small. But knowing the 
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number usually found in a good water-supply, any sudden 
variation above that number is to be looked upon with sus- 
picion. An increase is to be expected when the water has 
been subjected to unusual agitation from winds or currents. 

The detection of pathogenic bacteria in water involves 
great difficulties, and our knowledge in this direction is 
very meagre. Koch and several others have reported find- 
ing the spirillum of Asiatic cholera in water. The exami- 
nation of water-supplies for this organism has disclosed the 
fact that bacteria resembling the organism of cholera in 
many respects are not uncommon in water. This adds to 
the difficulty of detecting the cholera germ in water. 

The bacillus of typhoid fever has many times been de- 
scribed as occurring in water-supplies suspected of being 
contaminated with the excreta of cases of the disease. The 
interpretation of these observations is at present doubtful. 
It is now known that several forms of bacteria exist which 
closely resemble the bacillus of typhoid fever, and which 
would make its recognition in an unknown specimen very 
difficult. 

It will at once be appreciated that the number of cholera 
and typhoid organisms necessary to contaminate a consid- 
erable body of water, and sufficient to cause an outbreak of 
the disease among some of the people drinking the water, 
may still be so small that many different cubic centimeters 
of the water might be studied before a single one of the 
specific organisms would be encountered. Anyone who 
has examined plates made from samples of water will recog- 
nize the difficulty of detecting one or a few colonies of the 
bacteria of cholera or typhoid fever among a hundred or 
more colonies of ordinary water-bacteria. The existence 
of contamination with animal excreta might, however, be 
indicated by finding the bacillus coli communis, whose de- 
tection offers a greater prospect of success. 
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Certain devices have been adopted to hasten the devel- 
opment of the desired bacteria and to retard that of the or- 
dinary water-bacteria. Among these may be mentioned 
the influence of the heat of the incubator, which will hasten 
the growth of organisms derived from the human body, 
and which retards the growth of water-bacteria. Another 
is the addition of a solution of peptone to a large quantity of 
the water to be examined with a view to assisting the devel- 
opment of the desired bacteria by furnishing them suitable 
food for growth. T. Smith recommends the addition of 
the water to tubes of bouillon containing dextrose and which 
are kept in the incubator. Suspected bacteria may be tested 
by inoculation into animals ; the possession of pathogenic 
properties creates a probability in favor of their having 
come from some contamination with animal excreta. 

Ice. — The bacteriological examination of ice differs in no 
respect from that of water. Although development may 
be arrested, the vitality of bacteria is not usually impaired by 
freezing. Prudden found the bacillus of typhoid fever alive 
in ice after more than one hundred days. The source from 
which ice is taken should be as carefully scrutinized as that 
of the water-supply, especially in view of the universal 
habit of cooling water in the summer time by adding ice 
directly to the water. It is better to cool water and articles 
of food by surrounding the vessels containing them with ice. 

Bacteria of Milk and Other Foods Of the different 

food substances, milk is probably the most important from 
a bacteriological point of view. In the first place, most 
other foods are cooked before eating. Furthermore, cow's- 
milk constitutes a large part of the food of many young in-^ 
fants who are highly susceptible to certain bacteria, or ta 
substances in the milk itself, after it has undergone certain 
alterations due to bacteria. The milk of the healthy cow 
while still contained in the mammary gland is sterile ; how- 
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ever, after milking the cow a little milk generally remains 
in the lower part of the teat in which numerous bacteria 
will have developed before the next milking-time. The 
first milk obtained at a milking should therefore be dis- 
carded, as it may contaminate the whole quantity. 

Contamination with bacteria may occur from the outer 
surface of the udder of the cow, the hands of the milker or 
dirty pails, or through agitation of the air of the stable, and 
in other ways readily conceived of. Excluding the tubercle 
bacillus, the organisms which contaminate milk will be 
pathogenic only in exceptional cases. Occasionally typhoid 
fever, cholera, and possibly scarlet fever, diphtheria and 
other diseases are disseminated by means of contaminated 
milk. But the mixture with the milk of non-pathogenic or- 
ganisms from the air, and their growth, may induce changes 
in it which render it unfit for consumption, and even poison- 
ous. These alterations may be evident to the senses, as the 
ordinary lactic acid fermentation (souring of milk), or they 
may not. The character of the alterations doubtless varies 
much with the temperature and with the character of the 
contaminating bacteria. Summer temperatures of course 
favor decomposition and fermentation. Specialists in chil- 
dren's diseases attribute to alterations in milk with the for- 
mation of poisonous substances a preeminent influence in 
the production of the intestinal disorders of infancy so com- 
mon in the summer. 

Poisoning with milk, ice-cream or cheese is not rare, as 
is well known. There are many records of whole compa- 
nies of individuals having been taken violently ill after hav- 
ing eaten one of these foods from the same source of supply. 
The symptoms in such cases resemble those produced by irri- 
tant mineral poisons such as arsenic : nausea and vomiting, 
vertigo, dryness of the mouth, sense of burning and con- 
striction in the throat, difliculty in swallowing, cramps and 
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griping pain in the bowels, constipation or diarrhea, general 
prostration, or even collapse. Vaughan isolated from poison- 
ous cheese a ptomaine which he called tyrotoxicon. Vaugh- 
an's researches have been confirmed on numerous occasions. 

To prevent the alteration by bacteria of milk intended to 
be the food of infants, the practice of sterilizing milk has 
been largely in vogue. Unfortunately, during sterilization 
the milk undergoes some kind of alteration which makes 
if^disagree with many infants. Furthermore, among the 
organisms which would be likely to contaminate milk the 
bacilli of hay and potato, whose spores are so excessively 
resistant, would be prominent, and would not be sterilized by 
any process to which the milk intended for an infant's con- 
sumption could possibly be subjected to in the household. 

The process called pasteurization is designed, not to ster- 
ilize the milk completely, but to destroy the vegetative forms 
of bacteria, and to destroy most pathogenic bacteria with 
which the milk might possibly be contaminated. The milk 
is subjected to a temperature of only about 75° C. This 
temperature is less likely to produce alteration in the milk 
than sterilization by steam at 100° C. According to Free- 
man, milk which had been pasteurized at 75° 0. and dis- 
tributed among the poor people in New York City, whose 
homes were not supplied with ice, usually kept very well 
even in the summer time. 

It has been undertaken recently to do away as far as pos- 
sible with the contamination usually inevitable in the barn- 
yard and stable by the use of extraordinary measures to 
keep the cows, and especially their udders, clean ; also the 
hands of the milker and the milk-pails ; and by sprinkling 
the floor of the milk-room to prevent dust. The milk is to 
be transported to the city on ice. Milk which has been 
collected in this manner is furnished in several cities in the 
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United States under the name of " Certified Milk." The 
cattle from which the milk is derived are regularly in- 
spected by veterinary surgeons as well as subjected periodi- 
cally to the tuberculin test. The surroundings and drain- 
age of the stables are investigated by physicians and 
sanitary engineers. The milk is also regularly analyzed 
by a chemist. It has been found possible to reduce the 
number of bacteria in milk very noticeably. As delivered 
inBuftalo, " Certified Milk " usually contains 15,000 to 20,- 
000 bacteria in 1 c.c. This milk is of course sold at a con- 
siderably higher price than ordinary milk. 

The number of bacteria which occurs in samples of milk 
varies greatly. In ordinary milk as furnished by milkmen 
the number of bacteria to the cubic centimeter is usually 
many thousands, to millions; grocer's milk may contain 
hundreds of thousands to millions of bacteria to the cubic 
centimeter; frequently figures are reached which are beyond 
computation. 

Human milk often contains the staphylococcus epider- 
midis albus, and not seldom the staphylococcus pyogenes 
aureus, under normal conditions. 

Of the difi[erent pathogenic bacteria liable to furnish a 
source of danger in milk, the most important is the bacillus 
tuberculosis. Tuberculosis is a disease to which cattle are 
exceedingly prone. There is good reason to believe that 
infants frequently acquire tuberculosis through taking as 
food the milk of tuberculous cows. The milk of tubercu- 
lous cows may contain tubercle bacilli when there is no 
tuberculous disease of the udder. The frequency of tuber- 
culosis among milch cows sometimes becomes as high as 25 
per cent, or even more. Butter derived from the milk of 
such cows may contain tubercle bacilli. The proper manner 
for the States to deal with this problem, for it is one that 
doubtless will fall to the individual States, has not yet been 
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determined. The cost of killing such a large number of 
valuable cows would be very great. Furthermore, it is by 
no means certain that this procedure would eradicalte the 
disease. The flesh of cattle also is capable of transmitting 
tuberculosis, but is a smaller source of danger on account 
of the universal practice in the United States of thoroughly 
cooking beef. 

The rancidity of butter does not necessarily signify de- 
composition by bacteria, but may be a purely chemical de- 
composition not influenced by bacteria. It may be the re- 
sult of fermentation, leading to the formation of lactic acid 
and other members of the fatty acid series. 

" Ripening " of cream may be accomplished and hastened 
by the addition of bacteria to the cream. Conn has isolated 
an organism which generally goes by the name of bacillus 
No. 41, and which is said to impart a highly agreeable 
flavor to butter when cream has been ripened by it. 

In examining milk for bacteria the number may be esti- 
mated by precisely the same technique as is used for the 
estimation of bacteria in water, except that the milk must 
be diluted; otherwise the plates are rendered opaque by 
the fat. It may be diluted one hundred times with steril- 
ized water ; when the number of bacteria is very great a 
second dilution may be required. Estimations based upon 
such high dilutions can only be approximate. The quantity 
taken for examination may be 0.1 to 1 c.c. Plates should 
be made immediately upon collection of the sample. If the 
milk stands for a few hours at the room temperature in the 
laboratory, the number of bacteria will become enormously 
increased. 

The detection of a particular kind of pathogenic bacteria 
in milk involves very great difficulties. Staining of bacteria 
in milk may be done by the usual methods, but the results 
are not very satisfactory on account of the presence of oil. 



Digitized by 



Google 



DISTRIBUTION OF BACTERIA. 119 

Ahrens recommends the staining of milk with a mixture of 
a saturated alcoholic solution of an aniline dye with chloro- 
form which dissolves oil ; for the staining of tubercle ba- 
cilli, three to four drops of the alcoholic solution of fuchsin 
are added to 2 c.c. of chloroform ; decolorize as usual for 
tubercle bacilli. The demonstration of tubercle bacilli by 
staining methods is likely to involve many difficulties. 
The procedure of injecting milk into guinearpigs has been 
resorted to largely, but the results are only obtained after 
the lapse of weeks, when the development of tuberculosis in 
the guinea-pigs would indicate that the milk was tubercu- 
lous, provided that control guinea-pigs remained healthy. 
The most satisfactory plan will be to apply the tuberculin 
test to the cow from which the milk was derived. 

Among the other articles of food, those are to be most 
carefully scrutinized which are to be eaten after little or no 
cooking, particularly salads, green vegetables, fruits, and the 
like. Under exceptional circumstances they may become 
agents for conveying infectious diseases. Conn showed 
that there was good reason for attributing an epidemic of 
typhoid fever among students at Middletown, Connecticut, 
to raw oysters. After having been collected from the 
oyster-beds, these oysters were placed in a small stream to 
fatten, where they were exposed to contamination from a 
sewer. Into this sewer the discharges of a case of typhoid 
fever were found to have been running at the time when 
the oysters were fattening. 

The ordinary processes for curing and salting meat caur 
not be relied upon to destroy pathogenic bacteria. 

Cases of poisoning by eating oysters, fish, meat in the form 
of sausage or canned meat, and other articles of food are not 
rare. These cases belong to the same class as those poisoned 
by milk and cheese already mentioned. They are due to 
ptomaines produced as products of bacterial decomposition. 
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CHAPTER V. 

THE BACTERIA OF THE NORMAL HUMAN BODY. 

The numerous solid tissues and organs of the human 
body, the fluids circulating in the interior like the blood 
and lymph, and the cavities that have no connection with 
the outer world, are entirely free from bacteria. So also the 
lungs, gall-bladder and ducts, urinary bladder, cervix uteri, 
uterus and Fallopian tubes, although having external connec- 
tions, are usually sterile when in a healthy condition. When 
bacteria do enter the tissues from any of the surfaces their 
progress appears to be checked by means of the activities 
of the cells or fluids of the body, and if they succeed in pene- 
trating to any considerable distance their advance is usu- 
ally arrested by the nearest group of lymph-nodes, which 
appear to be important safeguards for preventing the dissemi- 
nation of bacteria throughout the body. As a rule, the se- 
cretions of the mucous membranes are inimical to bacteria. 

The skin, as might be expected, is liable to have upon it 
numerous bacteria, especially micrococci, and moulds. The 
staphylococcus pyogenes aureus, the streptococcus pyo- 
genes, the bacillus pyocyaneus and the bacillus coli com- 
munis sometimes occur on the skin. According to Welch, 
it always contains the staphylococcus epidermidis albus, 
which may be a form of the staphylococcus pyogenes albus. 
This organism is of some importance to surgeons on account 
of its relation to the cleansing of the skin before operar 
tions. It seems in fact impossible, by any amount of 
cleaning, to dislodge all of the germs in the skin, especially 
those under the nails. 
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The bacteria of the exposed mucous membranes like the 
conjunctiva and the nasal cavity and the mouth cavity will 
naturally be very fluctuating both in quantity and quality ; 
they will be, in fact, those which happen to fall upon the 
surface or to be drawn in from the external air. 

In the mouth, however, there is a certain group of or- 
ganisms more or less characteristic of it, many of which 
have not been successfully cultivated. These have been 
thoroughly studied by Miller, to whose works students are 
referred. (Miller, MicTodrganisms of the Mouth.) 

Several species of spirilla have been discovered in the 
mouth and are found along the margins of the gums. The 
leptothrix buccalis, and related organisms which have a 
long, ribbon-like form, also occur in the mouth. The mi- 
crococcus lanceolatus (or pneumococcus) appears to be 
present in many human mouths. In 15 to 20 per cent, 
of human mouths this organism is sufficiently virulent to 
produce fatal septicemia when inoculated into susceptible 
animals. Pyogenic bacteria, especially streptococci, occur 
frequently, although not regularly in the mouth. According 
to Miller, bacteria play an important part in the production 
of dental caries. Certain of the bacteria of the mouth 
produce fermentation in the vicinity of the teeth with the 
formation of acids, which dissolve the calcium salts of the 
teeth. The softening and destruction of the decalcified 
matrix is then accomplished by other and liquefying forms. 

The expired air coming from the mouth and nose, con- 
trary to the popular notion, is free from bacteria, excepting 
those which become forcibly detached, as by eftbrts of 
sneezing and coughing. 

Among the other exposed mucous surfaces, the urinary 
meatus and the vagina may be included. The urinary 
meatus and at least part of the urethra will be found to con- 
tain bacteria, which, in health, should be non-pathogenic, 
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although interest attaches to the fact that diplococci have 
been described which behaved with stains in the same 
manner as the gonococcus (pseudo-gonococci). 

The nature of the organisms of the vagina has been a 
source of much dispute, concerning whether or not the 
pyogenic bacteria occur there normally. It is probable that 
the healthy vagina is in most cases free from the pyogenic 
bacteria; although bacteria of some sort are always present, 
and the pyogenic bacteria may occasionally be found there 
in health. The normal secretion of the vagina has a bacte- 
ricidal influence which may be attributed in part to its 
acidity, but not to that alone or as the chief element. 

The smegma of the external genitals contains numerous 
bacteria, among which are frequently found bacilli which 
retain their color after treatment with acids in the Gabbett 
method for staining tubercle bacilli. It is uncertain 
whether these bacilli form a special group of organisms by 
themselves, having as one of their properties the power of 
retaining the stain after acids, or whether they are bacilli 
of no particular sort, which resist acids after staining owing 
to the oily material with which they have been impregnated 
in this peculiar secretion. The latter supposition is proba- 
bly the correct one. These organisms must be taken into 
account in staining for tubercle bacilli, urine or other secre- 
tions which might accidentally contain particles of smegma. 
Usually the employment of alcohol after the acid will 
remove the color from the smegma bacilli (Hueppe). Some- 
times smegma bacilli are as resistant as tubercle bacilli to 
decolorizing agents (Welch). 

The bacteria of the stomach and intestines are of great 
interest and importance. The alimentary tract of new-born 
infants and the meconium are sterile. In from four to 
eighteen hours organisms begin to appear. They may 
enter either from the mouth or the anus. There seems to 
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be no constancy in the nature of the forms which are 
found at first, but their character depends upon the sur- 
roundings. 

The bacterial inhabitants of the stomach are less constant 
than we shall find those of the intestines to be. Under 
normal circumstances they seem to be those introduced 
from the mouth. Difterent investigators, at all events, have 
met with quite difierent species. It appears that the hydro- 
chloric acid (about 2 parts per thousand) present in the gas- 
tric juice at the height of digestion possesses decided ger- 
micidal properties. This germicidal power exercises a re- 
straining influence upon fermentation due to bacteria, and 
probably serves as a safeguard against the introduction of 
pathogenic germs into the intestines. That is particularly 
important in the case of the spirillum of cholera, which is 
excessively sensitive to the action of acids. Nevertheless 
many bacteria are able to reach the intestines uninjured, as 
the acidity of the gastric juice does not reach its height 
until some hours after eating. Such bacteria will be those 
which are most resistant and those which form spores. In 
the intervals when hydrochloric acid is absent from the 
stomach, lactic acid appears. It is formed from carbohy- 
drates by a large number of species of bacteria. In con- 
ditions of fermentation, sarcina ventriculi and yeasts may 
be present in large numbers ; in the healthy stomach they 
occur in much smaller numbers. 

The intestine of the infant in whom feeding has become 
well established was found by Escherich to contain two 
principal species of bacteria — in the lower part of the in- 
testine the bacillus coli communis, in the upper part the 
bacillus lactis aerogenes. 

The number of bacteria in a milligram of human fecal 
matter has been estimated at from seventy thousand to thirty- 
three million. The small intestine of adults has been found 
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by diflferent observers to contain very diflerent species. 
The majority of these appear to have been introduced from 
the mouth in food or water. The bacillus coli communis, 
however, occurs invariably in health not only in the intestine 
of man, but also in that of many animals, especially in the 
lower part. The pyogenic micrococci very often occur in 
the intestine. 

Pasteur some years ago expressed the opinion that if 
animals could be placed in such surroundings that bacteria 
could be excluded from the alimentary canal and the 
food, life would be impossible. This view has excited 
much controversy, and has apparently been disproved 
by the experiments of Nuttall and Thierfelder. These 
investigators succeeded in removing guinea-pigs from 
the' mother by Caesarian section, and in keeping them 
alive in sterile surroundings, upon sterile food, so that the 
contents of the alimentary canal remained sterile. In the 
case of ruminant animals like the cow and sheep, the de- 
composition of cellulose, which forms so large a part of their 
food, appears to be effected by bacteria. Bacteria having 
this power are constantly found in the stomachs of rumi- 
nants. The best known species is that called bacillus 
amylobacter. It is questionable whether the products of 
the decomposition of cellulose have any nutritive value. 
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CHAPTER VL 

BACTERIA IN DISEASE. 

To the physician and the student of medicine the study of 
bacteriology is interesting chiefly on account of the great im- 
portance attributed to bacteria in producing disease. The 
presence in an organism of one or a number of organisms 
of another species, which flourish as parasites upon the first, 
is a phenomenon of very wide occurrence in nature. It is, 
in fact, nearly universal. It may be observed among plants 
as well as animals, for example in the familiar galls seen on 
some of the higher plants, and caused by an animal parasite 
which is harbored by the plant. We also find animals, such 
as tape-worms and the trichina spiralis, living as parasites 
upon other animals. The functions of the bacteria make 
them peculiarly suited to leading a parasitic existence. The 
fact that they possess no chlorophyll, and that they are 
therefore unable to form carbon compounds from the car- 
bon dioxide of the atmosphere, makes it necessary for them 
to secure such compounds fi'om preexisting organic matter. 
Many of them, furthermore, flourish better when they are 
able to obtain their nitrogenous food fi-om organic matter 
rather than from inorganic salts containing nitrogen. Most 
bacteria find the necessary nutriment in the dead bodies of 
other animals and plants ; they constitute what are known 
as saprophytes. But some of them flourish upon the living 
bodies of other plants and animals in whom they may pro- 
duce disease. 

The phenomena of disease, we shall find, are very largely 
due to the numerous waste products of the activities of 
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bacteria, which act as poisons to the host. The diseases of 
plants known to be caused by bacteria are not very numer- 
ous. Among them may be mentioned the pear-blight, due 
to micrococcus amylovorus. Among lower animals bacteria 
very frequently produce diseases — for example, chicken- 
cholera, symptomatic anthrax, erysipelas of swine, hog- 
cholera, tuberculosis, anthrax and glanders. 

Koch formulated certain rules which he considered must 
be complied with in order to prove that any microorganism 
was the cause of a particular disease : 

First. That the organism should always be found micro- 
scopically in the bodies of animals having the disease ; that 
it should be found in that disease and no other ; that it 
should occur in such numbers and be distributed in such a 
manner as to explain the lesions of the disease. 

Second. That the organism should be obtained from the 
diseased animal and propagated in pure culture outside of 
the body. 

Third. That the inoculation of these germs in pure cul- 
tures, which had been freed by successive transplantations 
from the smallest particle of matter taken from the original 
animal, should produce the same disease in a susceptible 
animal. 

An infectious disease is a disease which is caused by a mi- 
croorganism growing in the body of the animal having the 
disease. Such microorganisms are usually bacteria, but 
not always ; for example, malaria is produced by a minute 
animal organism. 

A contagious disease is one which is acquired from an in- 
dividual having the disease. Most contagious diseases are 
infectious, but infectious diseases are not necessarily conta- 
gious. These words are often used very loosely, and it is 
no longer possible or very desirable to draw the line sharply 
between them. Fomites are the materials on which the 
contagious element is conveyed. 
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A miasmatie disease is a variety of infection in which the 
microorganisms are not received from another case of the 
disease, but are derived from the external world ; for ex- 
ample, malaria. 

The following is a list of the most important diseases of 
man caused by bacteria. The proof as required by the 
rules of Koch is not complete for all of them : 

Tuberculosis, Erysipelas, 

Leprosy, Gonorrhea, 

Glanders, Lobar pneumonia. 

Anthrax, Influenza, 

Tetanus, Diphtheria, 

Malignant edema. Typhoid fever, 

Bubonic plague, Asiatic cholera. 

Suppuration and certain Relapsing fever, 

inflammatory condi- Ehinoscleroma (?), 

tions allied to it. Actinomycosis. 

(Malaria and amebic dysentery are caused by micro- 
scopic animal organisms). 

Thrush and certain parasitic skin diseases are caused by 
fungi of more highly organized structure than bacteria. 

Li each of the following diseases there is good reason to 
think that the cause is some kind of microorganism, but it 
has not yet been discovered : 

Syphilis, Mumps, 

Small-pox, Whooping-cough, 

Chicken-pox, Yellow fever. 

Measles, Typhus fever. 

Scarlet fever. Hydrophobia. 

The causes of these diseases have been very carefully 
sought for by ordinary bacteriological methods with inde- 
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cisive results. Some of them no doubt are due to bacteria. 
In the case of yellow fever it is possible that the bacillus 
recently discovered by Sanarelli may prove to be the cause 
of that disease. The bacillus described by a number of ob- 
servers as having been found in cases of whooping-cough 
may also be the cause of that disease. Bacilli have also been 
described in cases of measles on several occasions. It is 
likely that for some of the diseases mentioned other proced- 
ures than the usual methods of research will have to be de- 
vised in order that the cause may be discovered. There is 
reason for thinking that the protozoa may play a part in the 
etiology of some of them. Roux has recently announced hav- 
ing found in contagious pleuro-pneumonia of cattle a microbe 
so minute that it was barely visible with the highest powers 
of the microscope, so that its outlines and its morphology 
could not be studied. This suggests the possibility that fail- 
ure to find the causes of some of the diseases above named 
may lie in the fact that their organisms are so small as to 
be nearly or entirely invisible to the microscope. 

Modes of Introduction. — There are various modes in 
which bacteria may enter the body to produce disease. In- 
fection of the embryo through the ovum or semen seems to 
be of rare occurrence. Syphilis (which may not be due to 
bacteria) is transmitted in this manner. The embryo may 
be infected through the placenta, although not commonly. 
The bacilli of typhoid fever and the pus-forming bacteria 
have been known to be conveyed through it. Tuberculosis 
may also be transmitted through the placenta, how fre- 
quently is still uncertain. The comparatively common oc- 
currence of endocarditis on the right side of the heart in 
the fetus may be due to placental infection. Occasionally 
the exanthematous fevers are transmitted from the mother 
to the fetus. 
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How much influence is to be ascribed to individual predis- 
position in contracting or warding off infection is uncertain. 
Welch says " the fact that some individuals are attacked, 
and others, apparently equally exposed to the danger of in- 
fection, escape, is not always due to any especial predisposi- 
tion on the part of the former. It may be that the germs 
hit the one and miss the other, and we would have no more 
right to say that the former are especially predisposed than 
to say that those who fall in battle are predisposed to bul- 
lets and those who escape are bullet-proof." 

Race. — The influence of racial predisposition is undeni- 
able. For example, it is known that the negro race is much 
less susceptible to yellow fever than the white race. 

Local Conditions often have a most important influence 
in determining the occurrence of infections. In endocar- 
ditis the lesion usually occurs along the line of closure of 
the heart-valves, indicating that the point subjected to the 
greatest friction is the part of the endocardium most liable 
to infection. Regions where there is passive hyperemia 
are more vulnerable, as is seen in hypostatic pneumonia. 
Localities which have suffered from previous inflammation 
or irritation are rendered more liable to subsequent infec- 
tion, as when the bladder or pelvis of the kidney contain- 
ing a calculus becomes the seat of a suppurative cystitis or 
pyelitis. 

Local conditions become of great importance in surgery. 
The surgeon can seldom be certain of dealing witK a per- 
fectly aseptic wound, and must rely to a large extent upon 
the power inherent in the fluids and tissues to prevent the 
development of bacteria. It is important, therefore, to keep 
the resisting power of the tissues at the highest possible 
point. Injury of the tissues disposes the part to infection ; 
so do strangulation and necrosis. In operating, it is to be 
remembered that hyperemic and edematous parts are more 
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likely to become infected ; so also are anemic regions. An 
infarct of the lung which was originally sterile may be in- 
fected with bacteria through inhalation, and undergo sup- 
puration or gangrene. The presence of foreign bodies in 
the tissues disposes to infection. Injection of the staphy- 
lococcus pyogenes aureus into a rabbit's tissues is not always 
followed by suppuration, but if a foreign body, like a piece 
of sterilized potato, be inserted at the same time, infection 
is much more likely to occur. 

Variability in the Virulence of Bacteria. — The occur- 
rence of an infectious disease depends very largely upon 
the virulence of the bacteria. Any species of patho- 
genic bacteria may vary in virulence at different times. 
In some cases the virulence is not easily lost, as with the 
anthrax bacillus ; in others the virulence is maintained in 
cultures only with difficulty, as in the case of the micro- 
coccus lanceolatus (of pneumonia) and the streptococcus 
pyogenes. As a rule, the virulence is likely to be dimin- 
ished in old cultures. It may sometimes be preserved 
better in the ice-chest than at the room temperature. The 
virulence of the anthrax bacillus becomes diminished if it 
is cultivated at 42° C. Exposure to light and to oxygen 
tends to weaken the virulence; and also cultivation upon 
unfavorable media, such as those containing a small propor- 
tion of carbolic acid or certain other chemical germicides. 

In laboratory work the virulence is usually maintained 
best by inoculating the bacteria from time to time into sus- 
ceptible animals. Bacteria coming freshly from infected 
animals are likely to be highly virulent. The virulence 
may be increased by beginning with an especially sensitive 
animal like a very young guinea-pig, and progressively in- 
oculating into less sensitive animals. The infection of relar 
tively insusceptible animals may sometimes be produced by 
the injection of a very large dose of the bacteria. The addi- 
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tion of the toxic products of the bacteria, which may be 
obtained by using large doses of cultures in bouillon, 
makes infection more likely. 

Cultivation on a particular medium may maintain or in- 
crease the virulence. This is in part the principle under- 
lying the use of the serum medium employed by Marmorek 
for the cultivation of streptococci (see pages 59 and 192). 

Finally, the combination of two or more kinds of bacteria 
may produce infection when neither one would do so alone. 
On the other hand, it is said that the fatal effects of an in- 
oculation of virulent anthrax bacilli into a susceptible ani- 
mal may be averted if the animal be inoculated with a cul- 
ture of bacillus pyocyaneus shortly afterward. 

Mixed Infection. — It is not uncommon in disease to find 
two kinds of bacteria associated together, producing a mixed 
infection. In diphtheria, very frequently, the bacillus of 
diphtheria is found to be accompanied in the membrane by 
the streptococcus pyogenes. The course of the diphtheria 
may be modified in this manner. The term secondary infec- 
tion is rather loosely used. It is sometimes employed to 
designate an infection occurring in an individual, the resist- 
ing power of whose tissues has been weakened by some 
chronic organic disease. Such an infection is often called 
a terminal infection. Terminal infections are very common 
in cases of carcinoma, chronic nephritis, arteriosclerosis, and 
in many other diseases. 

Concerning terminal infections Osier says : " It may seem 
paradoxical, but there is truth in the statement that per- 
sons rarely die of the disease with which they suffer. Sec- 
ondary infections, or, as we are apt to call them in hospital 
work, terminal infections, carry off many of the incurable 
cases in the wards." 

The term secondary infection is also used for the modifica- 
tion of an infectious process which has been in existence 
for some time, by infection with a second variety of bacte- 
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ria. That takes place, for instance, in pulmonary tubercu- 
losis, when the invasion of the already tuberculous lungs 
by the pyogenic micrococci leads to the formation of cavi- 
ties. In this sense it will be seen that the term secondary 
infection is used as a name for a variety of mixed infection. 
In the secondary, mixed and terminal infections, the bac- 
teria which enter secondarily are likely to be of the pus- 
producing varieties, especially the streptococcus pyogenes. 

As to the mechanism which bacteria make use of in order 
to produce disease, according to our present knowledge, they 
work chiefly through the poisonous substances formed by 
them and deposited in the bodies of the persons suffering 
from the disease. The theory that bacteria have an impor- 
tant influence through the destruction of substances taken 
by them from the body of the patient for food, is no longer 
entitled to much weight ; neither are we able in most cases 
to account for the phenomena of disease by any mechanical 
action on the part of the bodies of bacteria. That such ac- 
tion does occasionally take place may be seen in experimen- 
tal anthrax in mice, where the blood-capillaries of the liver 
and kidneys may be completely plugged with masses of an- 
thrax bacilli. The diseases in which the circulating blood 
is swarming with bacteria are much commoner in the lower 
animals than in man. 

Toxemia — ^By toxemia is meant the absorption of poison- 
ous bacterial products from a localized point of invasion, 
and their dissemination throughout the body by means of 
the circulation. We see typical toxemias in diphtheria and 
tetanus. In surgery the term sapremia is used to cover a 
similar condition of affairs when the absorption proceeds 
from a wound or denuded surface, as may happen in the 
puerperal uterus. 

Septicemia. — In septicemia there is not only absorption 
of the bacterial poisons, but the bacteria have invaded the 
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The surfaces covered with thick stratified epithelium are 
not likely to be penetrated by bacteria excepting by direct 
introduction through some wound or other lesion. This, 
for instance, is true of the skin, the mouth, the vagina and 
bladder. The infection of bubonic plague, from which the 
poorer classes of Asiatics suffer in particular, appears to be 
introduced most often by means of wounds, especially of 
the feet, which are easily accounted for in these people, who 
habitually go barefooted. Bacteria more easily penetrate 
surfaces having a thin columnar epithelium such as occurs 
in the stomach and intestines, bronchi and bronchial tubes, 
uterus and Fallopian tubes. 

The thin, flat epithelial cells of the air-vesicles of the 
lungs, as would be expected, seem to be passed with com- 
parative ease. On epithelial surfaces covered with cilia, as 
in the bronchi and bronchial tubes, the uterus and Fallopian 
tubes, the current toward the exterior created by the cilia 
acts beneficially in removing bacteria. 

The tonsils and lymph-follicles of the intestines, espe- 
cially the lymphoid tissue of the ileum and the vermiform 
appendix, are points where bacterial invasion frequently 
begins. The lymphoid tissue of the appendix may have 
some influence in predisposing to infection at that point 
and to appendicitis. On the other hand, it is certain that 
the progress of many infections is checked by the lymph- 
nodes. That is repeatedly seen in the ordinary post-mor- 
tem wound where the spread of the inflammation along the 
arm is checked suddenly at the elbow or axilla. The par- 
ticipation of the lymphoid structures in most infections is 
well known. How far this is a conservative process it is 
impossible to say. 

In most cases of infectious disease a point of entrance 
for the bacteria may be discovered. As a rule, the invading 
microbes produce a lesion at the point where they are in- 

12 



Digitized by 



Google 



130 MANUAL OF BACTERIOLOGY. 

troduced, as in the familiar cases of boils and carbuncles, 
when pyogenic bacteria enter the skin, or of the tubercles 
found in the lungs when the bacilli lodge in the respiratory 
tract. However, there are cases of septicemia and pyemia 
in which the most careful search fails to reveal the place at 
which the bacteria entered. The bacilli of plague usually 
produce no reaction at the point of entrance. 

It is probable that tubercle bacilli may pass through thin 
epithelial surfaces and lodge in the deeper structures un- 
derneath, where they produce definite lesions. For example, 
they may pass by the lungs and enter the bronchial glands, 
and form tubercles in that situation. 

In a case of malaria we find the organisms causing that 
disease (which, by the way, are not bacteria) in the blood, 
but at present our knowledge as to how they reach the 
blood and through what surface is defective. 

Experiments on animals have shown that bacteria may 
be very rapidly disseminated after their introduction. The 
inoculation of mice, for instance, with anthrax bacilli has 
been known to prove fatal, although the wound was washed 
immediately with the strongest antiseptic solutions or the 
part amputated within a few minutes. 

The manner in which infectious agents reach human be- 
ings varies considerably. Generally speaking, the most im- 
portant element will be found to be direct or indirect con- 
nection with another case of the same disease. 

Excepting under unusual circumstances, the Air will not 
contain the germs of disease. The dried pulverized sputum 
of cases of pulmonary tuberculosis may float in the atmos- 
phere as dust which will contain tubercle bacilli. The pus- 
producing bacteria may be present in dust. Infectious 
elements which happen to be present in the air will usually 
be attached to particles of dust. Wool-sorter's disease is a 
name sometimes applied to anthrax in man when acquired 
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by those engaged in the work of handling wool, and in 
which the anthrax bacilli or spores may be conveyed to the 
lungs in dust. 

The atmosphere in the vicinity of cases of the exanthema- 
tous fevers at times probably contains the germs of these 
diseases. (The malarial organism also seems to be trans- 
mitted through the atmosphere in some manner as yet un- 
known.) 

Water is the usual medium for the transmission of the 
infection in typhoid fever and Asiatic cholera. (Amebic 
dysentery is probably transmitted through the medium of 
water.) 

Milk from tuberculous cows may carry the bacilli of tu- 
berculosis ; it is of most importance in the case of young 
infants. Typhoid fever, cholera, scarlet fever and diphthe- 
ria are sometimes conveyed through the medium of milk. 
Bacteria may reach the intestines in uncooked food^ fruit 
and vegetables. 

The Soil is of importance in connection with tetanus and 
malignant edema, whose bacteria are frequently found in 
soil. (The organism of malaria probably carries out a por- 
tion of its existence in the soil of damp places. Manson 
believes that mosquitoes play a prominent part in conveying 
the germs of malaria.) 

Flies and other insects are capable of carrying the bac- 
teria of disease, although this mode of transmission is 
probably unusual. 

It is possible for the bacteria of disease to be derived 
from the individual's own body, — auto-infection. The mi- 
crobes of lobar pneumonia, for instance, flourish in the 
mouths of a large number of people. The bacillus coli 
communis, which constantly inhabits the intestines, may in- 
vade other organs and exhibit pathogenic properties when 
the way is opened up for it by other disease processes. 
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Bodily Conditions that Dispose to Infection. — The de- 
velopment of an infectiouB disease may be favored by cer- 
tain bodily conditions. Hunger, cold and exhaustion make 
the body more liable to the inroads of pathogenic bac- 
teria; so also do anemia and chronic diseases. Those 
suffering from diabetes, as is well known, are especially 
liable to infection by the pus-producing bacteria and the 
bacillus tuberculosis. Dr. Roswell Park believes that pro- 
longed anesthesia makes patients who have undergone 
operations more liable to surgical infections, and that auto- 
intoxication, due to the absorption of bacterial poisons or to 
products of disordered metabolism of the patient's own 
cells, predisposes to infection. Some of the above-men- 
tioned conditions can be imitated in laboratory experiments. 
Hens in a normal condition are not susceptible to the an- 
thrax bacillus, but Pasteur succeeded in making them con- 
tract anthrax by artificially cooling them. Frogs, -on the 
other hand, which also are resistant to anthrax, may be 
made susceptible by keeping them at an abnormally high 
temperature. Rats were made more susceptible to anthrax 
by physical exhaustion produced by making them run a 
treadmill. Abbott found " that the normal vital resistance 
of rabbits to infection by streptococcus pyogenes is markedly 
diminished through the influence of alcohol^ when given 
daily to the stage of ACute intoxication." It was less no- 
ticeable for bacillus coli communis, and not observed for 
staphylococcus pyogenes aureus. 

Climate and altitude appear to influence the liability to in- 
fection with the tubercle bacillus, which is less common in 
Colorado. 

Age. — ^In general, infants are more susceptible to infec- 
tions than adults, though apparently nearly exempt from 
the exanthematous fevers during the early weeks of life. 
Osteomyelitis is commoner in infants than in adults, as also 
is tuberculous meningitis. 
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A curious and unexplained effect of some toxins is the 
production of minute areas of necrosis in certain viscera, as 
the liver. Such " focal necroses " have been observed to be 
formed by the poisons of the bacilli of diphtheria, of typhoid 
fever, and of the micrococcus lanceolatus (of pneumonia), 
and following the injection of abrin and ricin. 

Besides the poisonous substances produced by the bacilli 
of diphtheria and of tetanus, toxic substances have been 
obtained from the spirillum of cholera, from the bacillus of 
typhoid fever, and from the bacilli of tuberculosis and glan- 
ders. The extract from cultures of tubercle bacilli, called 
tuberculin, and that from glanders bacilli, called mallein, 
contain toxins produced by these germs, and will be spoken 
of in connection with the bacteria themselves. There is 
good reason on both clinical- and experimental grounds to 
believe that toxic substances are formed by the micrococcus 
lanceolatus (of pneumonia). Substances have been obtained 
from the pyogenic bacteria, injection of which produces 
suppuration. The symptoms of a disease as it occurs in 
man cannot be imitated in any other case as accurately as 
happens after the injection of the toxins of tetanus and 
diphtheria in the lower animals. 
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CHAPTER Vm. 

IMMUNITY. 

Certain facts relating to immunity, some of which were 
observed many years ago, are extremely interesting, but 
very difficult of explanation. Even in the light of recent 
bacteriological researches their interpretation is by no means 
clear. The immunity which an individual who has suffered 
from an attack of measles or scarlet fever possesses against 
a second attack of the same disease is well known ; so also 
is the immunity against small-pox which is conferred by 
vaccination. Such an immunity is called "acquired." 
There is also a " natural " immunity. Although sheep, as a 
rule, are easily infected with anthrax, Algerian sheep are 
not likely to be infected. Field-mice are susceptible to 
glanders and house-mice are not. House-mice are suscep- 
tible to mouse-septicemia and field-mice are not. The 
immunity which belongs to a race, but not to a whole 
species, is sometimes called " racial." The occurrence of 
immunity against a second attack of an infectious disease 
has given rise to numerous hypotheses and has stimulated 
much experiment. One theory supposes that after an at- 
tack of the disease certain bacterial products are retained 
within the body which prevent a second invasion. Another 
theory supposes that the attack of the disease exhausts the 
supply of some substance necessary for the growth of the 
microbes. 

Metschnikoff has described under the name " phagocyto- 
sis " a phenomenon which, he maintains, explains immu- 
nity and recovery from bacterial invasion. This theory 
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supposes that certain cells of the body which possess ame- 
boid movement, chiefly polynuclear leucocytes, grasp the 
invading bacteria, swallow them up into their own proto- 
plasm, and destroy them by their digestive functions. 
Metschnikoff states that he has observed this process many 
times. Other investigators have also seen bacteria enclosed 
within the bodies of leucocytes. It is urged by some that 
it is more likely that the bacteria are already dead when 
the leucocytes devour them. It is well known that a 
suppurating part contains large numbers of leucocytes, and 
one of the most characteristic events in the inflammatory 
process is the migration of leucocytes to the point of injury. 
This indicates a positive chemotaxis for leucocytes on the 
part of substances in the inflamed area. Metschnikoff be- 
lieves that the function of the leucocytes thus drawn to the 
point where the bacteria of suppuration have entered is to 
destroy these bacteria and to arrest their further progress. 
On this theory the leucocytes or phagocytes are sometimes 
called the policemen of the body. 

In certain infectious diseases the number of leucocytes, 
chiefly of the polynuclear neutrophile variety, in the circu- 
lating blood is increased (leucocytosis). This is the case 
usually in lobar pneumonia and acute suppurative infec- 
tions. In other infectious diseases there is no leucocytosis ; 
for example, tuberculosis, typhoid fever, and malaria. 

At the present time investigators seem inclined to attrib- 
ute the resisting power of the body against microorganisms 
and their products to the fluids of the body. Nuttall made 
the important discovery that the serum of the blood de- 
prived of all cells possesses the power of destroying patho- 
genic bacteria. 

The ingredients of the blood-serum that exert the bacte- 
ricidal influence have been named alexins ; they have also 
been called defensive proteids. The nature of these sub- 
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stances has not been determined with certainty. Vaughan 
believes them to be nucleins. Such substances apparently 
serve as safeguards to the body against all kinds of bacte- 
rial invasion. They have not necessarily a specific action 
as regards any particular kind of infection. 

It appears, however, that recovery from certain infectious 
diseases is accompanied by the formation of substances 
which protect the individual against that particular disease 
and no other. It has been found possible, at all events, to 
bring about the recovery of animals infected with diphthe- 
ria or tetanus by the injection of the blood-serum derived 
from other animals which had recovered from the disease. 

The use by Jenner of the virus obtained from the disease 
of cattle known as " cow-pox " as a preventive against small- 
pox in man was the first important attempt to produce an 
artificial immunity. The procedure was, from the first, em- 
pirical, and to this day we are ignorant as to the manner 
of its action. 

Pasteur conceived the idea of attenuating the virulence of 
the microbes of fowl-cholera by prolonged exposure to oxy- 
gen, and of making use of the attenuated virus as a vaccine 
against the disease. The same principle was shortly after- 
ward applied by him to the preparation of a vaccine against 
anthrax. Anthrax bacilli were cultivated at a temperature 
of 42° C, at which they do not produce spores, and were 
freely exposed to the atmosphere. In this manner Pasteur 
obtained a variety of bacilli of so little virulence as not to 
produce death when inoculated into animals that were ordi- 
narily susceptible. Yet animals that had been vaccinated 
with this virus were able afterward to resist inoculation 
with fully virulent anthrax bacilli. Other methods of dimin- 
ishing the virulence of pathogenic bacteria have also been 
made use of (see page 134). 

Immunity has sometimes been produced in the lower ani- 
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living tissues. Bacteriologists usually employ the word 
septicemia to describe the wide dissemination of bacteria 
through the body and the presence of large numbers of 
them in the circulating blood. In this sense septicemias 
are commoner in lower animals than in man ; anthrax and 
infection with micrococcus lanceolatus would be examples. 
For pyemia, see the article on Suppuration, Part IV. 
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CHAPTER VII. 

TOXINS. 

It is now generally believed that in most, if not all of 
the infections diseases, the principal symptoms and lesions 
are to be attributed to the action of poisonous substances 
formed by the bacteria. The part that bacteria play can be 
understood best by recalling the work of the saprophytes in 
producing fermentation and putrefaction. It has already 
been shown that the poisoning that comes from eating de- 
composed meat, fish or cheese results from poisons which 
the bacteria have elaborated in the course of their growth. 
In infectious diseases we suppose the bacteria to grow in- 
side of the body and to form their poisons m it ; not before 
their introduction into it, as in these cases of poisoning with 
spoiled food. If it were possible for the cells of ordinary 
yeast to grow in the living human body and to produce 
alcohol from the grape-sugar of the body-fluids, the person 
so infected might be expected to suffer from alcoholic in- 
toxication as long as the infection lasted. This impossible 
illustration may serve to make clear what does happen in 
an infectious disease due to bacteria, where poisons formed in 
a manner analogous to the formation of alcohol produce in- 
toxications analogous to alcoholic intoxication. Certaiji 
infectious diseases exhibit the element of poisoning by bac- 
terial products in an extremely marked manner. In teta^ 
nus the local wound may be trifling, and may seem utterly 
incapable of having given rise to the violent muscular 
spasms from which the patient suffers. In diphtheria^ 
although the condition in the throat may be one of severe 
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inflammation, it is, of itself, insuflicient to explain the pro- 
found prostration and other symptoms of general poisoning 
which the case manifests. 

The first bacterial poisons to be studied thoroughly were 
those called ptomaines. Observing the severe symptoms 
which follow the injection into animals of certain ptomaines 
derived from bacterial cultures, and having discovered the 
action of ptomaines in poisoning by meat, fish and the like, 
it was suggested that similar ptomaines, formed by the 
action of bacteria in the living body, might account for the 
symptoms of many of the infectious diseases. The ptomaines 
were most readily studied because of the comparative facility 
with which they could be isolated in a condition of purity, 
where their exact chemical nature could be determined. 

" A Ptomaine is an organic chemical compound, basic in 
character, formed by the action of bacteria on nitrogenous 
matter." (Vaughan and Novy.) 

The tyrotoxicon of cheese- and milk-poisoning is one of 
the best known ptomaines. The peculiar coloring which 
distinguishes cultures of the bacillus pyocyaneus is due to 
a ptomaine called pyocyanin and its derivatives. 

A group of substances of a similar nature called leuco- 
maines have been discovered, which are formed within the 
body and not by the action of the bacteria. Leucomaines 
may then be defined as " basic substances which result from 
tissue metabolism in the body." (Vaughan and Novy.) 

Further study has demonstrated, however, that the symp- 
toms of most of the infectious diseases are not due to pto- 
maines. Some of the poisons formed by bacteria have been 
described as albumens and have given rise to the name tax- 
albumen. It appears, however, that bacterial poisons are 
not necessarily of an albuminous nature either, and at the 
present time it seems best to call the bacterial poisons 
whose chemical nature is uncertain simply toxins. 
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Sometimes the results of the injection of excessively small 
doses of a toxin are so tremendous as to give color to the 
suggestion that the toxins may be allied to the ferments, 
like pepsin and trypsin, in their nature. Substances which 
produce effects in animals similar to the bacterial poisons 
may be extracted from certain plants, notably abrin, which 
is derived from the jequirity bean, and ricin, which comes 
from the castor-oil bean. The venom of poisonous snakes, 
which is elaborated by the epithelial cells of certain glands, 
also acts in much the same manner as the bacterial poisons. 
These poisons appear sometimes to be formed as excretions 
ifrom the bacteria, and may be extracted from liquid cul- 
tures. In other cases they are apparently present in the 
bodies of the bacteria themselves. A substance which is 
highly poisonous to guinea-pigs is present in the bodies 
of cholera spirilla. Prudden found that the injection of 
dead tubercle bacilli was followed by the development of 
tubercles, which of course did not increase in numbers or 
become disseminated. 

Owing to the instability of the toxins it has not been 
possible to isolate them in a state of purity so as to deter- 
mine their exact chemical character. They have, neverthe- 
less, been obtained in some cases in an extremely concen- 
trated form. Brieger and Cohn obtained a toxin from 
tetanus bacilli of which .00000005 gram killed a mouse 
weighing 15 grams. Roux and Yersin obtained a toxin 
from diphtheria bacilli of which .00005 gram was capable 
of killing a guinea-pig. These figures indicate a capability 
for poisoning that is simply inconceivable. Such properties 
permit bacteria growing in a comparatively limited area to 
manifest their evil effects at remote parts of the body, as the 
guns used in modern warfare can throw an explosive pro- 
jectile to work destruction at some point miles distant, and 
perhaps unseen. 
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mals by inoculation with very minute amounts of fully viru- 
lent cultures of bacteria. It has been found, furthermore, 
that the injection of the bacterial products obtained from 
cultures, but entirely free of the bacteria themselves, in doses 
insufficient to produce death, is, in some instances, perfectly 
effectual in producing immunity. Ehrlich discovered that 
the vegetable toxins, abrin and ricin, behave in a manner 
very similar to the bacterial poisons when injected into ani- 
mals, and that by their injection an immunity for the same 
poisons may be secured. There is an analogy between the 
tolerance acquired in this manner for bacterial and other 
toxins and that which victims of the morphine and cocaine 
habits have for immense doses of those drugs. 

Besides the diseases which are confined to the lower ani- 
mals, by one expedient or another it has been found possi- 
ble to secure experimentally in animals immunity against 
infection with anthrax, typhoid fever, Asiatic cholera, diph- 
theria, tetanus, the micrococcus lanceolatus (of pneumonia), 
bacillus pyocyaneus, proteus vulgaris, bacilli coli communis, 
the pyogenic micrococci and hydrophobia. It is to be un- 
derstood that in most cases the infection in the lower ani- 
mal against which it is protected is a toxemia or septice- 
mia, and not the counterpart of the disease as it occurs in 
man. 

Ehrlich found that the milk of animals which had been 
immunized against abrin and ricin conferred immunity 
upon young animals. In most cases we look to the blood- 
serum for the immunizing agent. 

It is customary to call the unknown bodies present in the 
fluids of immunized animals, and to which their immunity 
is due, by the name of " antitoxins." The nature of these 
substances is unknown. They must be formed through the 
activities of the cells of the body, as a result of what we 
may call a reaction against the bacterial poisons. As there 
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is some reason for thinking the leucocytes may take a 
prominent part in the preparation of such substances, it is 
possible that a compromise may come about between the 
phagocytic theory of Metschnikoff and the purely "hu- 
moral " theory, which attributes to the fluids of the body 
all the phenomena of immunity and resistance to bacterial 
invasion. It has been suggested that the action of antitox- 
ins is chemical, and that they neutralize the toxins as an 
alkali neutralizes an acid. It is possible that the anti- 
toxin neutralizes the effect of the toxin upon the cells of 
the body after the manner of what is called a " physiologi- 
cal antidote," as we suppose atropine to antagonize the 
effects of morphine. 

The kind of immunity which results from the injection 
of blood-serum or other substances derived from an im- 
mune animal, and supposed to contain an antitoxin, is 
called " passive immunity" " Active immunity " results from an 
ordinary attack of an infectious disease, or from an attack 
excited artificially by introducing small doses of virulent 
cultures or large doses of attenuated cultures, or by the in- 
jection of bacterial products freed from the bacteria them- 
selves. Active immunity is usually more enduring than 
passive immunity, but passive immunity, established 
through the direct introduction of antitoxins, may be 
brought about more quickly than would be possible for an 
active immunity. 

It appears in some cases that when animals have been 
made immune to an organism, the organism becomes dis- 
integrated when mixed with the animal's serum. This has 
been demonstrated by Pfeiffer for infection with the spiril- 
lum of cholera. The reaction does not take place outside 
of the body of the immune animal, but goes on rapidly in 
the peritoneal cavity. Since no such disintegration takes 
place when other bacteria than the spirilla of cholera are 
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injected into the animal made immune against cholera, it 
has been suggested by Pfeiffer that this reaction could be 
made use of in the diagnosis of that disease. Although 
the serum of the immune animal fails to exercise its disin- 
tegrating effect in a test-tube, yet if a few drops of it be in- 
troduced along with the cholera spirilla into the peritoneal 
cavity of an animal not immune, the same disintegration 
takes place. Animals that have not themselves been im- 
munized may be protected against infection by sufficient 
doses of serum jfrom an immunized animal. 

Quite recently it has been shown that the blood-serum of 
patients having typhoid fever contains a substance which, 
when mixed with living typhoid bacilli, causes them to 
gather into groups or clumps, and at the same time to lose 
their motility. In the great majority of cases no such 
clumping occurs when the blood of typhoid cases is mixed 
with other bacteria than the bacilli of typhoid fever. The 
nature of this agglutinating substance, as it is called, is not 
known, nor is its significance understood. It- has been ap- 
plied to the diagnosis of typhoid fever, where it is called 
the " Widal reaction," and will be discussed in connection 
with the bacilli of typhoid fever. Similar agglutinating 
bodies form in many other infections — notably with the 
cholera spirillum, bacillus pyocyaneus, bacillus proteus, and 
bacillus coli communis — but they have not yet been thor- 
oughly studied. 

In the treatment of disease in man the successful appli- 
cation of the principles which have been described as un- 
derlying the formation of antitoxins has been confined to 
hydrophobia, tetanus and diphtheria. Vaccination against 
small-pox may depend upon similar principles. 

Inoculation against Hydrophobia ^Pasteur discovered 

that rabbits were susceptible to hydrophobia, when portions 
of the medulla oblongata of a dog which had died of the 
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disease were placed under the dura mater of the rabbit. 
Spinal cords taken from rabbits thus infected are placed 
in a desiccating chamber. Under these circumstances the 
unknown virus is supposed to undergo diminution in 
virulence. Emulsions are made from spinal cords desic- 
cated in this manner. Beginning with a spinal cord which 
has been desiccated a longer time, and in which the viru- 
lence of the poison is supposed to have been much reduced, 
injections are made at intervals from cords that have been 
subjected to desiccation for shorter and shorter periods, and 
therefore of greater and greater virulence. At the end of 
about the twenty-fifth day the patient is supposed to be im- 
mune against hydrophobia. Although the injection takes 
place after the patient has been bitten by a rabid dog, owing 
to the long incubation period that is generally observed in 
hydrophobia — usually one to two months — it is hoped that 
the patient maybe rendered immune against the disease be- 
fore the period of incubation has ended. Reports of cases 
managed according to this method have been conflicting, 
but, on the whole, the weight of evidence seems favorable 
to the treatment. 

Diphtheria Antitoxin — ^It is first necessary to obtain the 
toxin formed by diphtheria bacilli in a concentrated form. 
Diphtheria bacilli are cultivated in alkaline bouillon, in 
flasks plugged with cotton, exposing a large surface to the 
air. The cultures are grown in the incubator. After three 
or four weeks they are ready, and are filtered through un- 
glazed porcelain. The filtrate contains the toxin. The ani- 
mal usually employed is the horse ; the dog, the sheep and 
the goat have also been used. The horse should be healthy, 
and the presence of tuberculosis and glanders should have 
been excluded, testing with tuberculin and mallein. The 
toxin is injected into the horse in small doses — about 1 c.c. 
of the filtrate from the bouillon culture. The injection is 
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repeated at intervals, using larger and larger doses, until the 
animal is able to tolerate a very large dose indeed — as high 
as 300 c.c. K the treatment is successful the general con- 
dition of the animal should not suffer. The injections last 
over a long period — several months. The general condition 
of the animal remaining good, the resistance to these large 
doses of toxin is presumed to indicate the formation of a 
concentrated antitoxic substance in the blood. Through 
an incision in the skin a trochar is inserted into the jugular 
vein; the blood is conducted into sterilized flasks with 
every precaution to insure sterility. The blood is allowed 
to coagulate on ice, and the serum is withdrawn with ster- 
ilized pipettes. This serum is the so-called antitoxin used in 
medical practice. 

The invention of the procedure in substantially this form 
we owe to Behring, who devised a standard to express the 
potency of the serum, called an " immunizing unit." The 
immunizing unit, according to Behring, is 1 c.c. of serum, 
of which 0.1 c.c. injected into a guinea-pig will protect 
against the injection of a dose of toxin ten times large 
enough to kill the animal if the toxin were injected alone. 
It has been found possible to procure an antitoxin with a 
high degree of concentration, so that 500 to 1500 of Behr- 
ing's immunizing units may be contained in a quantity of 
the serum which it is practicable to give at a single hypo- 
dermic injection. The large volume of statistics that have 
been collected from hospitals and from physicians in private 
practice indicates that the use of this serum has effected a 
very great reduction in the mortality from diphtheria. 

The injection into animals artificially infected with teta- 
nus of a remedy prepared according to similar principles 
for the cure of tetanus has produced very gratifying results. 
The value of the tetanus antitoxin as a therapeutic agent 
for tetanus in man is by no means certain. It may be said 
to be on trial at the present time. 
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CHAPTER IX. 

DISINFECTANTS AND ANTISEPTICS.* 

A disinfectant or germicide is a substance capable of 
killing bacteria. The latter term is of more recent devel- 
opment than the former, and apparently needed on account 
of the loose application of the term disinfectant. 

An antiseptic is a substance capable of preventing the 
growth and reproduction of bacteria. It differs from a 
disinfectant or germicide in that it simply prevents devel- 
opment without actually killing. 

A deodorizer is a substance capable of so changing a 
noxious odor that it is less unpleasant to the sense of smell. 
At the present time the term is usually and properly re- 
stricted to those substances which, without disinfectant ac- 
tion, simply replace or destroy an odor. 

Testing Antiseptics and Disinfectants. 

The determination of the antiseptic value of a material 
is a comparatively simple matter. A virulent culture of 
the organism used as a test is inoculated into sterile bouil- 
lon containing a known quantity of the antiseptic. The 
process is repeated with varying strengths of the material 
until the smallest quantity of it capable of preventing 
growth is determined. This dilution may be considered 
the antiseptic value of the material in question for the 
organism used, under the conditions of the test. 

* B7 Thomas B. Carpenter, M.D., Assistant City Bacteriologist, Buffalo, 
N. Y. 
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Determination of the disinfectant power of a substance 
is a problem of much greater magnitude, and the method 
used must be altered more or less to suit the properties of 
the substance tested. It is obvious that some of the sub- 
stance tested remains in contact with the organisms in the 
method given for determining the antiseptic value, and 
that we do not know whether the bacteria are alive and 
merely inhibited in growth, or actually killed. 

Sternberg's Method, — To a measured quantity of a virulent 
bouillon-culture of the test-organism is added a known 
quantity of the substance to be tested. After varying 
lengths of time inoculations are made from this mixture 
into culture-media, preferably bouillon, and growth watched 
for under suitable conditions as to temperature and the 
like. The shortest exposure of the test-organism to the 
smallest quantity of the substance is taken as the germi- 
cidal value of that substance for the particular organism 
used. 

Koch's Method. — Usually employed for spore-bearing or- 
ganisms like anthrax. Small pieces of sterile silk or cotton 
thread are soaked for some hours in a bouillon-culture of 
the test-organisms. They are removed, partially dried, 
and then placed in a solution of known strength of the 
substance being tested, and exposed for a definite length 
of time. The thread is removed from the solution, washed 
carefully in sterile water, planted in bouillon, and growth 
is watched for. As in other methods, the greatest dilution 
of the germicide that will kill the test-organism in the 
shortest time is taken as the germicidal value of that sub- 
stance for the organism used. 

Both these methods are open to serious sources of 
error, particularly in the testing of powerful germicides. 
In Sternberg's method, small quantities of the substances 
tested may be carried over with the organisms, and, if a 
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powerful germicide, in sufficient amount to prevent growth, 
and thus give erroneous results. In Koch's method this 
factor is partially obviated by washing in sterile water after 
exposure to the germicide. This does not remove another 
source of error, namely, the chemical action that may take 
place between the substance and the protoplasmic contents of 
the bacterial cell. This action may extend deeply enough 
to restrain the growth of an organism for a very long time 
without actually killing it. When placed under suitable 
conditions, such union may be broken up and the organism 
regain its power to develop. It has been suggested that, 
to remove errors in the above methods, test-cultures con- 
taining bacteria supposed to be killed by the smallest quan- 
tity of germicide be inoculated into susceptible animals; 
but Sternberg's experiments in this direction have shown 
that bacteria may become so altered in virulence by the 
action of germicides insufficient to kill, that animal inocu- 
lation experiments are worthless. 

Geppert suggested a valuable modification of these meth- 
ods while determining the germicidal value of bichloride of 
mercury. After exposing his test-organism to bichloride 
of mercury, and before inoculating into bouillon to deter- 
mine death of the organism, he treated with a dilute am- 
monium sulphide solution, thus effectually neutralizing any 
mercury-salt remaining. 

Sedgwick developed this method still further, and to him 
we are indebted for demonstrating its accuracy and practi- 
cability. 

Method. — To 15 c.c. of sterile water in a 60 c.c. Erlen- 
meyer flask add 2 c.c. of a virulent culture of the test-or- 
ganism. Then add a solution of the substance under in- 
vestigation in the proportion necessary to give the dilution 
wished. Mix thoroughly, and allow this " action-flask" to 
stand as long as it is desired to have the germicide in con- 
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tact with the test^organism (action-period). Transfer 0.6 
c.c. from the action-flask to a flask containing 200 c.c. of a 
solution of some chemical capable of decomposing the sub- 
stance being tested with the formation of inert or insoluble 
compounds. In this " inhibition-flask " the strength of the 
solution should be such that molecular proportions of the 
chemical are present in sufficient quantity to combine with 
all the germicide carried over. The inhibition-flask is 
shaken for 30 seconds, and 1 c.c. transferred from it to 100 
c.c. of sterile water in another, the " dilution-flask." After 
two minutes, three agar tubes are inoculated with 1 c.c. each 
from the dilution-flask, plated, and growth watched for. 

Control-experiments should be performed to determine 
that the dilution of the test-culture is not too great when 
carried through the three flasks. It likewise should be de- 
termined that the inhibiting chemical has no effect on the 
bacteria. 

What the inhibiting chemical shall he must be deter- 
mined for each individual case. For salts of the heavy 
metals ammonium sulphide answers well ; for mercury salts, 
stannous chloride may be used ; for formaldehyde, ammo- 
nium hydrate ; for carbolic acid, sodium sulphate. 

The testing of gaseous disinfectants, such as sulphur di- 
oxide and formaldehyde, must be conducted under conditions 
as nearly parallel to actual practice as possible. The test- 
organisms may be exposed on threads, after Koch's method, 
and acted upon by a known volume strength of disinfectant 
for a known length of time. Subsequent treatment of the 
organisms with a suitable inhibitor is necessary when pos- 
sible, and should growth occur in the cultures following, 
the test-organism should be recognized in order that possi- 
ble contamination by extraneous organisms may be ex- 
cluded. 

In determining the value of germicides for sterilizing 

14 
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ligatures, the student can apply methods based on the fore- 
going principles. Great care and ingenuity are necessary 
to arrive at correct conclusions, particularly in the case of 
animal tendons. In many instances quite stable compounds 
are formed between tendon and germicide, and living or- 
ganisms may be so imbedded in such a substance that sub- 
sequent growth in a test-culture is impossible. The use of 
a suitable inhibitor, and, prior to final culture-tests, a pro- 
longed soaking in sterile water, will promote the accuracy of 
the results. 

Chemical Disinfection. 

Heat properly applied is the simplest and at the same 
time the surest disinfectant; but for many purposes it cannot* 
be used, and we have recourse to those chemicals that prac- 
tice and investigation have shown to be of value. * An im- 
mense number of substances possess germicidal properties, 
but unfortunately, the majority are objectionable in that 
they are expensive, intensely poisonous, or so corrosive that 
damage may be done to articles of value with which they 
may come in contact. 

In the following pages only those substances which are 
in common use or seem to be of special value will be con- 
sidered. 

Mercuric Chloride or Bichloride of Mercury. — This sub- 
stance is probably more commonly used than any other 
one disinfectant. In the strength of 1-1000 it will some- 
times kill the spores of anthrax within a few minutes (see 
Bacillus anthracis, Part IV.). It is claimed that its affinity 
for albuminous bodies, and the readiness with which it 
combines with such substances, detracts from its value for 
some purposes. On the other hand, many observers claim 
that the albuminous combinations formed under such cir- 
cumstances are soluble in an excess of albuminous fluid, 
and that its value as a germicide is not affiscted thereby. 
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To obviate this possible difficulty it is customary in practice 
to combine the bichloride of mercury with some substance 
that will prevent the precipitation of the mercury salt by 
albumen. For this purpose 5 parts of any one of the fol- 
lowing substances to 1 part of bichloride of mercury may 
be used — ^hydrochloric acid, tartaric acid, sodium chloride, 
potassium chloride or ammonium chloride. A very prac- 
tical stock-solution for laboratory purposes has the follow- 
ing composition : 

Hydrochloric acid, 100 c.c. 

Bichloride of mercury, 20 grams. 

5 C.C. in a liter of water make a solution of about 1-1000 strength. 

Mercuric Iodide. — ^An extremely high antiseptic value has 
been placed on this substance by Miquel, who claims that 
the most resistant spores are prevented from developing in 
a culture-medium containing 1-40,000. In combination, as 
potassio-mercuric iodide, it has been used in soaps (McClin- 
tock) with very favorable results. The substance is not ex- 
tensively employed, and further investigation is necessary 
to determine its true value. 

Silver Nitrate. — This salt probably occupies the next posi- 
tion to the bichloride of mercury in disinfectant power. 
Behring claims it to be superior to bichloride of mercury 
in albuminous fluids. The anthrax bacillus is killed by a 
solution of 1-20,000 after two hours' exposure. At least 
forty-eight hours' exposure to a 1-10,000 solution is required 
to kill the spores of anthrax. It is very irritating, and pos- 
sesses strong affinities for chlorides, forming with them in- 
soluble chloride of silver, a salt without germicidal value. 
For these reasons the use of silver nitrate is limited. In 
the solutions usually employed for douching the cavities of 
the body, the available silver nitrate is immediately con- 
verted into the insoluble chloride, and little if any germi- 
cidal action takes place. To this fact may be ascribed the 
varying clinical results reported. 
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Many semi-proprietary silver compounds are on the mar- 
ket, introduced to replace the nitrate and its objectionable 
features. The most important are argentamin, argonin and 
protargol, all organic silver combinations. They do not 
combine with chlorides, are less irritating than the nitrate, 
and, not coagulating albumen, they possess greater pene- 
trating power. Clinical reports and investigations have 
been so contradictory thus far that their value cannot be 
readily estimated. 

Carbolic Add. — One of the most important and most 
widely-used disinfectants. It is usually employed in 
strengths of from 1 to 5 per cent. A 3 per. cent, solution 
will sometimes kill the spores of anthrax after two days^ 
exposure (see page 211). In the absence of spores the 
anthrax bacillus is destroyed by a 1 per cent, solution in 
one hour. The less resistant pus cocci are destroyed rap- 
idly by a 2 per cent, solution. Combination with an equal 
proportion of hydrochloric acid enhances the efficacy of 
carbolic acid to a marked extent. This is due to the pre- 
vention of albuminous combinations, thus allowing greater 
penetration of the disinfectant. 

Many other substances closely related to carbolic acid are 
used and possess marked germicidal properties. Among 
them may be mentioned creolin, cresol and lysol. They 
are all slightly superior to carbolic acid in actual germi- 
cidal value. 

Aniline Dyes. — Many of these substances possess germi- 
cidal properties, notably pyoktanin (methyl-violet). A solu- 
tion of 1-5000 will kill the anthrax bacillus in two hours* 
A much stronger solution, 1-150, is required to kill the 
typhoid bacillus in the same time. Malachite-green is said 
to possess even greater germicidal value than pyoktanin* 
Methylene-blue also possesses considerable germicidal 
power. 
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Formaldehyde, — ^A gaseous substance placed on the market 
in a 40 per cent, aqueous solution. Remarkable claims have 
been made for this substance, and numerous investigations 
have shown it to possess, both in the liquid and gaseous 
forms, wonderful disinfecting power under certain condi- 
tions. It is a noticeable fact that the more recent the investi- 
gation the lower the value placed upon it. In solutions of 
1-1000 an exposure of twenty-four hours is necessary to 
destroy the staphylococcus pyogenes aureus, while 1-5000 
is sufficient to restrain its growth (Slater and Rideal). Its 
use in a gaseous form as a house-disinfectant is by far the 
most important application at the present time. 

Harrington's recent investigations have shown that an 
atmosphere produced by vaporizing 435 c.c. of formalin (40 
per cent, aqueous solution of the gas) in 1000 cubic feet of 
air space, equivalent to 1 quart to a room 15 feet square 
and 10 feet high, will destroy all exposed organisms in half 
an hour ; when protected by one fold of cotton-cloth, an 
exposure of one and one-half hour is necessary. In a per- 
fectly dry atmosphere the gas penetrates slightly, and will 
disinfect through one layer of cotton-cloth ; in a moist at- 
mosphere no penetration can be obtained. 

In vaporizing the gas many methods have been em- 
ployed. Simple evaporation of solutions with or without 
heat cannot be relied upon. With heat, the process is 
wasteful, and a solid, polymerized compound may be formed 
in and on the edge of the pan. It has therefore been found 
necessary to use special forms of lamps or generators for 
its production, a few of which are mentioned below. 

Sanitary Construction Company's Lamp. — This lamp con- 
sists of a tank to hold the formaldehyde solution, and a spiral 
tube by which the solution is slowly conducted through 
a flame and vaporized. The necessary amount of solution 
is placed in the tank and the apparatus started, outside the 
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room, the gas being conducted through the keyhole by a 
suitable tube. 

Tnllat Autoclave. — A small silver-lined pressure-boiler, 
fitted with lamp, safety-valve, pressure-gauge, thermometer 
and escapement-tube. The necessary amount of formalde- 
hyde solution is placed within the apparatus, together with an 
equal amount of a 20 per cent, solution of calcium chloride ; 
the addition of the latter salt is to prevent formation of the 
solid polymeric modification, the so-called paraform. The 
autoclave is closed and heated from below to a temperature 
of 135° C. The escapement-valve is then opened carefully 
and the gas allowed to enter the room slowly through the 
escapement-tube, which has meanwhile been passed through 
the keyhole. About thirty minutes are required to dis- 
charge all the gas from 500 c.c. of solution. If the tem- 
perature has not been allowed to go above 135° C. the gas 
will contain but little moisture and possess its maximum 
efficiency. 

Schering Lamp. — This lamp is intended to utilize para- 
form or para-formaldehyde, a polymeric modification of for- 
maldehyde, occurring as a white salt. It is decomposable by 
heat, yielding formaldehyde gas. It is placed on the market 
in the form of tablets, each one of which yields a definite 
amount of gas. The lamp consists of a small iron tray 
for the reception of tablets, and so arranged above the 
heating-apparatus that sufficient draught is created to 
carry off the gas as rapidly as formed. In operating, a 
sufficient number of tablets are placed on the tray, the 
lamp lighted and placed in the room to be disinfected. 

Methyl-Alcohol Lamps. — Several of these lamps are on 
the market, all operating on the well-known principle of 
the oxidation of wood-alcohol to formaldehyde when the 
alcohol is vaporized by projection against a heated, plati- 
nized, asbestos disk. In operating such an apparatus, the 
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alcohol is lighted until the asbestos disk becomes hot. The 
flame is then extinguished ; the heat from the disk is suffi- 
cient to vaporize the alcohol, which undergoes oxidation 
and keeps the disk at a red heat. When the apparatus is 
operating in a satisfactory manner the room is closed and 
disinfection allowed to proceed. 

Sulphur Dioxide, — This substance is used extensively for 
house disinfection, and is usually prepared by burning sul- 
phur. Much difference of opinion exists regarding the 
value of it as a disinfectant. The spores of anthrax are not 
killed by several days' exposure to the liquefied gas. An- 
thrax and other bacilli are destroyed in thirty minutes when 
exposed on moist threads in an atmosphere containing one 
volume per centum of the gas. An exposure of twenty-four 
hours in an atmosphere containing four volumes per cen- 
tum of the gas will destroy the organisms of typhoid fever, 
diphtheria, cholera and tuberculosis. The presence of 
moisture greatly enhances the activity of the disinfectant, 
owing to the formation of the more active sulphurous acid. 

In practice, at least 3 pounds of sulphur per 1000 cubic 
feet should be used, and moisture must be present. This 
latter requirement can be fulfilled by evaporating a few 
quarts of water within the tightly-closed room just prior to 
generating the gas. In using powdered or flowers of sul- 
phur, the necessary amount is placed on a bed of sand or 
ashes in an iron pot, which should rest on a couple of bricks 
in a pan or other vessel containing an inch or two of water. 
The sulphur is ignited by means of some glowing coals, or 
by moistening with alcohol and applying a match. Diffi- 
culty is often experienced in keeping the sulphur burning, 
and for this reason it is surer and more convenient to use 
the so-called sulphur candles now on the market. In ope- 
rating with these, a sufficient number are placed on bricks 
in a pan of water and the wicks lighted. Liquefied sulphur 
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dioxide may be used, and can now be obtained in convenient 
tin receptacles containing a sufficient quantity for the dis- 
infection of an ordinary room. The can is opened by cut- 
ting through a soft metal tube projecting from the top. 
The fluid vaporizes at the room temperature, and it is sim- 
ply necessary to place the can in a convenient porcelain 
dish and allow the fluid to evaporate. 

Sulphur dioxide is objectionable on account of its lack 
of power when dry, and on account of its corrosive action 
on metal and its bleaching eftect on hangings and draperies 
in the presence of moisture ; it is, therefore, preferable to 
use formaldehyde when possible. 

Chlorine, — A very active gaseous disinfectant, particularly 
in the presence of moisture. An atmosphere containing 1 
per cent, of the dry gas is fatal to anthrax spores in three 
hours. The anthrax bacillus is killed in twenty-four hours 
by exposure to a moist atmosphere containing the gas in 
the proportion of 1-2500. The bacillus of tuberculosis is 
killed by an exposure of one hour to a moist atmosphere 
containing the gas in the proportion of 1-200. Extremely 
minute quantities in solution will prevent the development 
of putrefactive organisms. The substance has been used 
for house and ship disinfection, but is now seldom em- 
ployed on account of its extremely irritating properties and 
the difficulty of handling it. 

Bromine, — Used in the gaseous and liquid form. The 
dry vapor possesses but little disinfectant power; when 
moist it is much more efficient. In saturated aqueous so- 
lution it will kill the anthrax bacillus in twenty four hours. 

Calcium Hypochlorite. — A most practical and valuable dis- 
infectant, depending for its efficiency on the available 
chlorine contained in it. Its alkalinity favors penetration, 
and for many purposes it cannot be excelled. A 1 per 
cent, solution will destroy anthrax spores in one hour. A 
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solution of the same strength will disinfect typhoid stools in 
ten minutes. 

Lime. — The addition of 0.1 per cent, of unslaked lime to 
fluid-cultures of the typhoid bacillus and cholera spirillum 
will render them sterile in four or five hours. Typhoid de- 
jecta are sterilized in six hours by the addition of 3 per cent, 
of slaked lime; the addition of 6 per cent, will accomplish the 
same result in two hours. A convenient form for practical 
use is an aqueous mixture containing 20 per cent, of lime — 
so-called milk of lime. Typhoid and cholera dejecta are 
sterilized in one hour after the addition of 2 per cent, of this 
mixture. From the foregoing facts it would seem probable 
that lime or whitewash as ordinarily applied would possess 
disinfectant properties. Experimental work has demon- 
strated this to be a fact. The organisms of anthrax, glanders 
and the pus cocci were destroyed within twenty-four hours 
by one application. For spore-forming organisms and the 
bacillus of tuberculosis the power is not so great, the latter 
organism not being destroyed by three applications of the 
whitewash. This is due, perhaps, to the large amount of 
fatty matter in the bacillus of tuberculosis, and suggests the 
possibility of enhancing the efficacy of the lime by the addi- 
tion of a small proportion of caustic alkali. 

Hydrogen Peroxide. — This substance is placed on the mar- 
ket in solutions varying in strength from 10 to 30 volumes ; 
the mode of expression indicating that corresponding solu- 
tions will liberate ten to thirty times their volume of oxy- 
gen when appropriately treated. The addition of 1-1000 
to a water infected with the typhoid bacillus and the cholera 
spirillum will render it sterile in twenty-four hours. Van 
Tromp asserts that the addition of 1-10,000 to a polluted 
water will render it sterile in twenty-four hours. It pos- 
sesses the property of rapidly oxidizing purulent secretions, 
and on this account is much used for cleansing infected 
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wounds. It deteriorates in strength so rapidly that only 
fresh solutions of known strength should be used. 

Potassium Permanganate. — ^Koch asserts that a 3 per cent, 
solution will destroy anthrax spores in twenty-four hours, 
but that a 1 per cent, solution cannot be depended upon to 
kill pathogenic organisms. Its disinfectant value in prac- 
tice is very low on account of its ready decomposition by 
inert material. In the dilute solutions usually used for 
medicinal injections and irrigations no disinfectant action 
occurs. 

Iodoform. — This substance possesses little if any disinfect- 
ant power. It is mildly antiseptic in moist wounds, due to 
the gradual liberation of small quantities of iodine. 

Boric Add, — This material possesses practically no disin- 
fectant power. It is a mild antiseptic when applied as an 
undiluted powder to wounds. A saturated aqueous solution 
is much used, and is weakly antiseptic. 

Essential Oils. — Many of these bodies possess germicidal 
value, notably the oils of cinnamon and cloves. The oil of 
mustard is also a valuable disinfectant, but so irritating that 
the pure oil cannot be used. The use of powdered mustard 
in the autopsy-room will remove the foul odor from the 
hands more rapidly and completely than any other means. 

Ferrous Sulphate {Copperas). — This salt has been much 
used, but possesses only feeble disinfectant powers. A 3 
per cent, solution requires three days to kill the bacillus of 
typhoid fever. On account of its affinity for ammonia and 
sulphides it is an efficient deodorizer for temporary use, 
but cannot be relied upon to kill the bacteria producing the 
noxious gases. 

Cupnc Sulphate {Blue vitriol). — This salt is quite an effi- 
cient disinfectant. In a solution of 1-3000 the spirillum of 
cholera is destroyed in ten minutes. A 5 per cent, solution 
will kill the typhoid bacillus in ten minutes. A solution 
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of from 2 to 3 per cent, in strength can be relied upon to 
destroy all pathogenic organisms that do not form spores. 

Zinc Sulphate. — This salt is a very feeble disinfectant. 
Pus cocci are not destroyed in two hours by a 20 per cent, 
solution. As a deodorizer it has about the same value and 
acts in the same way as ferrous sulphate. 

Zinc Chloride. — A 2 per cent, solution will kill pus cocci 
after an exposure of two hours. It is therefore a much more 
powerful disinfectant than the sulphate. 

Disinfection of Dejecta and Urine. — A 4 per cent, solution 
of calcic hypochlorite is most eflGlcient and rapid for this 
purpose. A convenient solution contains 6 ounces of the 
salt to 1 gallon of water. The excreta should be received 
in a suitable vessel and immediately mixed with an equal 
bulk of the disinfectant. The contents of the vessel should 
be allowed to stand for one hour before emptying. A 20 
per cent, milk of lime is just as efficient, and possesses the 
advantage of cleanliness and lack of odor. It should be 
used in the same quantity and allowed to act for the same 
length of time. A 5 per cent, solution of carbolic acid may 
be used, but should be allowed to act for at least four hours. 

Disinfection of Sputum. — The chemical disinfection of tu- 
berculous sputum is somewhat difficult on account of the 
large amount of albumen in it and the fatty matter asso- 
ciated with the bacillus of tuberculosis. Dilute solutions of bi- 
chloride of mercury are apt to be decomposed and rendered 
inert by the albumen. Carbolic acid is open to the same 
objection, but its combination with hydrochloric acid can 
be used successfiilly in a strength of 5 per cent. each. 
Milk of lime cannot be relied upon for this purpose. A 
4 per cent, solution of calcic hypochlorite is the best for 
general use, and the spit-cup should he kept nearly fiiU of 
this solution. 
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Disinfection after Post-mortems. — After autopsies on infec- 
tious cases it is necessary to disinfect the table and fluid- 
products coming from it prior to emptying into the sewer. 
The table may be successfully disinfected by a liberal 
sprinkling with 4 per cent, calcic hypochlorite solution. 
All fluids should be treated with an equal quantity of the 
same solution. The table should not be cleaned for at 
least one hour after application of the disinfectant. The 
same rule applies to the disinfection of the fluids — an expo- 
sure of at least one hour to the disinfectant before final dis- 
position. 

House Disinfection, — After infectious disease it is essential 
that the house or the apartment in which the patient has 
been confined should be disinfected. It is rarely necessary 
to carry out the process in more than two rooms ; but should 
it be so, the process can be applied to the whole house. 

After thorough bathing of the patient, preferably with 
an antiseptic soap, the individual should be wrapped in a 
clean sheet and removed to a clean room. All articles or 
materials that are of little value should be destroyed. All 
bedding, towels and the like should be placed in wooden 
tubs and covered with a 1-1000 solution of bichloride of 
mercury. The room should then be made as nearly air- 
tight as possible ; this can be accomplished by pasting strips 
of paper over registers, cracks, space between window- 
sashes and the like. Formaldehyde gas is then passed 
through the keyhole into the room in sufficient quantity to 
destroy the infectious element. The room should be sealed 
for at least twelve hours, after which time it may be opened 
and aired. The process is completed by washing all exposed 
surfaces in the room with 1-1000 bichloride of mercury. 
This latter requirement is not essential if the gaseous disin- 
fection has been complete, but since we have no absolute 
knowledge on this point, the secondary washing should be 



Digitized by 



Google 



DISINFECTANTS AND ANTISBPTICS. 165 

carried out. This method can be considered reliable for 
surface disinfection, but for the interior of mattresses and 
stuffed furniture-cushions it is not certain. In all cases 
where absolute disinfection is demanded, such articles must 
be ripped apart and loosely exposed to the gas. They may 
be disposed of by fire or sterilized by steam under pressure. 
The latter method must necessarily be a matter of munici- 
pal control, and can only be carried out by means of suit- 
able apparatus in the hands of a municipal disinfecting 
corps. Instead of formaldehyde, sulphur dioxide may be 
used for room disinfection, but in the light of present 
knowledge the formaldehyde method is superior. 
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CHAPTER X. 

THE PREPARATION OF INSTRUMENTS, LIGATURES, DRESSINGS, 
ETC., FOR SURGICAL PURPOSES.* 

The following formulae have been selected from the many 
published, for the reason that they are used by the best sur- 
geons and in the best hospitals in this country to-day : 

Disinfection of the Hands. — It should be remembered that 
absolute sterilization of the skin is often impossible, as or- 
ganisms can be cultivated jRrom it after the most careful 
attempts at disinfection ; but even if complete sterilization 
is not accomplished, it can be shown that the organisms of 
the skin may be so far inhibited as to be incapable of fur- 
ther growth. Should such organisms reach a wound, they 
are also antagonized by the resisting powers of the tissues 
(see pages 120 and 142). 

The organisms usually found on the skin are the ordi- 
nary pyogenic bacteria, the staphylococcus pyogenes aureus, 
citreus and albus and the streptococcus pyogenes, and the 
staphylococcus epidermidis albus, whose normal habitat is 
the skin, and which is the most common cause for stitch 
abscesses. Amongst the rarer forms which may be present 
are the bacilli of tetanus, of malignant edema, of tubercu- 
losis, and the bacillus pyocyaneus. The latter is extremely 
diflGlcult to get rid of after it once enters a wound. , The 
writer knows of a private room in a large hospital in 
which, during the winter months, almost every wound 
which suppurates becomes contaminated by this organism. 
Its surgical significance is that healing is slow. 

* By Chauncey P. Smith, M.D. 
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Schatz's Method. The hands and forearms are scrubbed 
with green soap (which is strongly alkaline), and a clean 
nail-brush, for from two to three minutes. The nails are 
cleaned. The hands and forearms are immersed in a warm, 
saturated solution of potassium permanganate, which has a 
somewhat germicidal effect, until stained a deep mahogany 
black, and are then decolorized with a warm solution of 
oxalic acid. It has been shown that both solutions are 
much more potent at a temperature of 40° C. The hands 
and arms are then washed in normal salt solution (.6 per 
cent.) and soaked in bichloride of mercury, 1-1000, four 
minutes, the solution being frequently changed, as the bi- 
chloride is decomposed by contact with the skin into an albu- 
minate, which is worthless as a germicide. The decompo- 
sition is indicated by a milkiness which soon appears. The 
nail-brushes should be of the cheap variety — similar to the 
ordinary scrubbing-brush. They should be steamed for an 
hour after a day's work, and kept in a 3 per cent, car- 
bolic acid solution when not in use. The objection to this 
plan is that it softens the brush. . 

Park's Method. The active germicide in this method is 
the essential oil of mustard. The hands and forearms are 
scrubbed with green soap and dry cornmeal, the latter tak- 
ing the place of a nail-brush. They are washed in water. 
The nails are cleaned ; the parts are then rubbed with a 
paste of mustard-flour and water until the mixture begins to 
sting. They are washed in water and rinsed in bichloride 
of mercury, 1-1000. The water must be cold during the 
manipulation of the mustard ; the essential oil is only given 
off in cold water. The flour of mustard is employed, as it is 
a very convenient way of obtaining the oil. Only the best 
should be used, as the flour varies much in its efficiency. 

Ligatures, Catgut — The elaborate methods used for the 
preparation of catgut are due to fear of possible contamina- 
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tioii of the gat with the spores of the bacillus of anthrax. 
The gut is prepared from the intestine of sheep (see Bacillus 
anthracis, Part FV.), and several well authenticated cases of 
anthrax infection from this source have been reported. Only 
the best German gut should be used, as the ordinary gut is 
covered with shellac, which interferes with penetration by 
chemicals. 

Bissell's Method. Remove all labels and binders from 
the skein and soak it in a 1-1000 ethereal solution of bi- 
chloride of mercury for from four to six hours, depending 
on the size of the gut, the idea being that as the fat is ab- 
sorbed by the ether the bichloride is carried into the gut. 
Wash with ether, to remove the excess of the bichloride, 
for three to five minutes ; boil in 95 per cent, alcohol for 
fifteen minutes. 

Note. If it is desirable to keep the gut on spools, it can 
be wound after the immersion in the bichloride. In mak- 
ing up solutions of bichloride of any strength for the prepa- 
ration of gut do not use the ordinary tablets, as they are 
made up with ammonium chloride, which, on boiling, de- 
composes, and the products weaken the gut. Use only the 
pure crystals of corrosive sublimate. 

Formaldehyde Catgut — This gut possesses all the advan- 
tages of chromicized gut, including the length of time before 
absorption in the tissues, besides being stronger, less stiff 
and brittle. It can also be used in preference to kangaroo- 
tendon, the preparation of which is often imperfect. The 
writer knows of several cases where infection was caused 
by the kangaroo-tendon used. Formaldehyde catgut ties 
like silk ; a knot once tied stays, and it does not swell on 
immersion in water. 

Hoffmeister's Method. The gut is wound on spools, and 
soaked for twenty-four hours in a 4 per cent, solution of 
formaldehyde (Schering's formalin), and is shaken once in 
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a while to get rid of small air-bubbles which adhere to the 
gut. Boil in water for 15 minutes and keep in 95 percent, 
alcohol containing .1 per cent, bichloride of mercury and 5 
per cent, of glycerin. 

Silk. — Steam in sterilizer for one hour on the first day, 
and on the second and third day steam for one-half hour 
(Halsted). 

Silkworm-gut. — As for silk or instruments. 

Instruments. — ^Boil for five minutes in a 1 per cent, solu- 
tion of sodium carbonate, as the salt itself is somewhat ger- 
micidal, and also, in this strength, prevents rusting of the 
instruments. 

Dressings. — Pack loosely in a canvas bag, jar, or suitable 
vessel, and steam for one hour on the first day, one-half 
hour on the second and third days. 

Sponges. — ^Beat well in a bag to remove the gross dirt, 
particularly the sand; boil a vessel full of a 1 per cent, 
solution of sodium carbonate, and remove from the flame ; 
immerse the bagful of sponges in this solution, and allow it 
to become cool. This will take about one-half hour. Af- 
terward, wash off the soda solution with sterilized water. 
Keep the sponges in 1-1000 solution of bichloride of mer- 
cury (Schimmelsbusch). The active agent in this steriliza- 
tion is the boiling sodium carbonate solution. Bleaching 
weakens the sponge, and is of no practical value. The bi- 
chloride of mercury inhibits or prevents any possible con- 
tamination. 

Skin of Patient. — Scrub with green soap, shave, and wash 
with equal parts of ether and alcohol to remove the fat. 
Then apply a green soap poultice for twelve hours. Before 
the operation scrub off the green soap, and wash down with 
equal parts of alcohol and ether. Scrub well with 1-1000 
bichloride of mercury. 

Park's method can also be used, as for the hands. 

15 
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Drainage-tiibes, — As for instruments, sponges or dressings. 

Irrigating Solutions. Clean wounds. — The best, by far, is 
that which approximates the amount of salts in the blood- 
serum, namely, normal salt solution (.6 per cent.), and no 
other solution should be used on serous membranes. Ster- 
ilized water causes the endothelium to desquamate, while 
bichloride of mercury causes necrosis of the tissues^ and 
hence both of them are to be avoided. If the wound be 
clean, there is no necessity for a germicide. 

Infected Wounds. — ^Hydrogen peroxide is very eflGlcient, as, 
in contact with pus, it is said to liberate oxygen, which in 
its nascent state is markedly germicidal. It also is said to 
have a peculiar affinity for leucocytes, and hence should not 
be used after granulation is well established (Morris). 

Solutions of carbolic acid, 2 per cent., or bichloride of 
mercury, 1-1000, irritate the tissues greatly, and are, in the 
writer's opinion, of doubtful value. The bacteria in an in- 
fected wound are probably too deeply implanted in the tissues 
to be reached by solutions at all, and the antiseptic may be 
so diluted or chemically changed as to be valueless, to say 
nothing of the necrosis of the tissues produced. Bichloride 
of mercury changes into an albuminate. Stronger solu- 
tions not only destroy the bacteria, but also the cells of 
the tissues. 
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NON-PATHOGENIC BACTERIA. 

The number of varieties of non-pathogenic bacteria is 
very large. Eisenberg, Bacteriological Diagnosis, edition 
of 1891, describes 376 species of bacteria, mostly non-patho- 
genic. Sternberg, Manual of Bacteriology, edition of 1893, 
enumerates 489 species, including the pathogenic varieties, 
but the majority, of course, are non-pathogenic. Probably 
some of the bacteria which have been described as distinct 
species are in reality not diiferent ; but, on the other hand, 
it is also probable that a still larger number of species have 
not been described at all ; how many it is impossible to say. 
In a work of this character it is feasible to mention only a 
few of the commonest and best-known species of non-patho- 
genic bacteria. 

Micrococcus agilis.-r-Found in water; coccus about 1 /x 
in diameter, usually appearing as diplococci, sometimes as 
streptococci and tetrads; liquefies gelatin slowly; grows 
slowly, only at room temperature, on ordinary culture-me- 
dia, forming a rose-red pigment on agar and potato. This 
micrococcus is remarkable in being actively motile ; it pos- 
sesses a flagellum. 

Micrococcus urese. — ^Found in decomposed, ammoniacal 
urine and in the air; coccus .8 to 1 a* in diameter, occurring 
singly or in various combinations ; does not liquefy gelatin ; 
aerobic and facultative anaerobic ; grows rapidly, best at 30° 
to 33° C. ; grows on ordinary gelatin, but best on special 
media; it decomposes urea, producing ammonia and carbon 
dioxide, which form ammonium carbonate. 
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Sarcinse. — There is a large number of species of sarcinae. 
They are common organisms in the air. They frequently 
contaminate plate-cultures. Many of the sarcinee of the air 
present, in cultures, growths having brilliant colors, from 
which some of them are named ; thus there are orange, yel- 
low, rose-colored and white sarcinae, and others. 

Sarcina pulmonum. — ^Found in the sputum of a con- 
sumptive; 1 to 1.5 fi in diameter, occurring in tetrads or 
cubes of eight cells; aerobic; does not liquefy gelatin; 
grows slowly, best at ordinary temperatures, preferably 
upon gelatin. It decomposes urine with the formation of 
ammonia. It is said to form endogenous spores which are 
extremely resistant to heat. 

Sarcina ventriculi. — ^Found in the stomachs of man and 
of animals; 2.5 At in diameter, occurring in cubes of eight 
cells or more ; it does not liquefy gelatin ; aerobic ; grows 
on ordinary culture-media ; the growths tend to become yel- 
low. Small numbers of sarcinse may occur in the normal 
human stomach ; the presence of large numbers indicates 
the existence of abnormal fermentative processes. 

Bacillus fluorescens liquefaciens. — ^Found in water ; ap- 
pears as a small rod, actively motile ; aerobic ; liquefies gela- 
tin ; grows rapidly at ordinary temperatures upon the usual 
culture-media. It forms a pigment having a beautiful green- 
ish-yellow fluorescence, best seen in transparent media ; the 
growth on potato has a brown color. 

Bacillus fluorescens putidus. — ^Found in water; a short 
rod with rounded ends ; actively motile ; does not liquefy 
gelatin ; aerobic ; does not form spores ; grows rapidly at the 
ordinary temperatures upon the common media. Gelatin 
cultures give off* a powerful, foul odor of trimethylamin. 
It produces a greenish, fluorescent pigment, best seen in 
transparent media; on potato the growths form a thin, gray 
to brown, slimy layer. 
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There are several other fluorescing bacilli, mostly found 
in water. 

Bacillus Indicus. — ^Found by Koch in the stomach-con- 
tents of an ape in India ; a fine short bacillus with rounded 
ends ; aerobic and facultative anaerobic ; liquefies gelatin ; 
grows rapidly, best at 35° C. upon the ordinary media ; 
produces a brick-red pigment. Very large doses injected 
into rabbits caused death in three to twenty-four hours. 

Bacillus prodigiosus. — ^Widely disseminated in the at- 
mosphere of certain places ; a short bacillus with rounded 
ends, in form often nearly like the micrococci ; aerobic and 
facultative anaerobic ; not motile, as a rule ; liquefies gela- 
tin rapidly; grows rapidly, best at 25° C. on the ordinary 
culture-media ; cultures on potatoes give off a foul odor of 
trimethylamin. A brilliant red color, which only develops 
in the presence of oxygen, appears in cultures. The pig- 
ment forms as granules outside of the bacteria. 

Bacillus violaceus. — ^Found in water; a slim rod with 
rounded ends which may form threads ; actively motile ; 
aerobic and facultative anaerobic ; liquefies gelatin rapidly ; 
forms endogenous spores placed near the center of the ba- 
cillus ; grows rapidly, and not at high temperatures, upon 
ordinary media, forming a deep, violet-colored pigment. 

Bacillus amylobacter (Clostridium butyricum, Bacillus 
butyricus, Prazmowski). — ^Found widely distributed in na- 
ture in decomposing vegetable material and in the stomachs 
of ruminant animals ; a large, thick rod with round ends, 
often arranged in chains ; actively motile ; anaerobic ; forms 
spores, which are located in the center of the bacillus and 
give it a spindle-shaped form, or at one end when it has the 
outline of a tadpole ; has not been cultivated satisfactorily 
on ordinary media ; grows best at 35° to 40° C. ; decom- 
poses carbohydrates with the formation of butyric acid; 
decomposes cellulose. 
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Bacillus butyricus (Hueppe). — ^Found in milk; appears 
as a small, irregular rod, also forming threads ; very actively 
motile ; aerobic and facultative anaerobic ; rapidly liquefies 
gelatin; forms centrally located spores; grows best at 35° 
to 40° C; grows rapidly on ordinary media; coagulates 
milk, redissolving the coagulum, producing also butyric 
acid. 

Bacillus megatherium — Obtained by DeBary from 
cooked cabbage-leaves ; a large bacillus with rounded ends, 
often forming chains ; motile ; slowly liquefies gelatin ; aero- 
bic ; forms spores, especially in potato cultures ; grows rap- 
idly at room temperature on the ordinary media. 

Bacillus mesentericus vulgatus (Potato bacillus). — 
Found on potatoes; a large, long rod with rounded ends, 
often forming long chains; motile; liquefies gelatin; aerobic ; 
forms spores ; grows rapidly, best at about 20° C. ; grows on 
ordinary media, forming on potato a thin, wrinkled mem- 
brane which spreads rapidly over the surface. It coagulates 
milk. It possesses numerous flagella. The spores are ex- 
tremely resistant to heat. 

Bacillus phosphorescens Indicus. — Obtained from sea- 
water; a small, thick, rod-shaped bacillus with rounded 
ends, also forming threads ; actively motile ; liquefies gela- 
tin; aerobic. It grows slowly, best between 20° and 30° 
C, upon the usual media. Its cultures, when old, especially 
when on animal nutrient-media and in the presence of cer- 
tain sodium salts, are phosphorescent in the dark. 

There are various other bacilli which produce phospho- 
rescence, some of which do not liquefy gelatin. 

Bacillus mycoides (Bacillus ramosus, Wurzelbacillits), — 
Found in the earth and in water ; a large, short bacillus 
with rounded ends, often forming chains and threads ; 
slightly motile ; liquefies gelatin ; aerobic ; forms centrally 
located, oval spores ; grows rapidly at room and incubator 
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temperatures upon the usual media. It is said to rapidly 
decompose albumen with the formation of ammonia. 

Bacillus subtilis (Hay bacillus). — ^Found on hay, in the 
air, water, ground and decomposing fluids ; a large bacillus 
somewhat resembling the anthrax bacillus in form, but with 
rounded ends, often forming chains or long filaments ; mo- 
tile ; possessing flagella ; liquefies gelatin ; aerobic. It may 
have large, centrally located spores, which form best on 
potato at about 30° C. The spores are extremely resistant 



Fig. 46.— Bacillus subtilis. (Frankel and PfeiflFer.) 

to heat and to chemical germicides. It grows best at about 
30° C. upon the ordinary culture-media. Bacillus subtilis 
may easily be isolated in pure culture by adding finely-cut 
hay to bouillon. Let it grow till spores form, then place 
portions in the steam sterilizer for five or ten minutes. 
Plates made from the bouillon will probably show colonies 
of the bacillus subtilis only, as the steam may be expected 
to have destroyed all organisms except its very resistant 
spores. 
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Bacillus erythrosporus ^Found in decomposing fluids 

and water ; a slim bacillus with rounded ends ; motile ; does 
not liquefy gelatin ; facultative anaerobic ; forms oval spores, 
two to eight in each filament ; grows rapidly, only at ordi- 
nary temperatures ; produces a greenish-yellow fluorescent 
pigment. On potato it forms a limited, reddish growth, 
becoming nut>brown. 

Bacillus cyanogenus (Bacterium syncyanum. Bacillus 
lactis cyanogenus. Bacillus of blue milk). — A bacillus from 
1 to 4 Ai long; .3 to .5 a* broad; with rounded ends; motile ; 
forms spores located at the ends ; is aerobic ; grows rapidly 
at ordinary and at incubator temperatures on the usual 
culture-media; does not liquefy gelatin; produces a gray- 
ish-blue pigment at ordinary temperatures ; milk is not co- 
gulated. 

Bacillus acidi lactici (Hueppe). — ^Found in sour milk ; a 
short, plump rod; not motile; does not liquefy gelatin; 
aerobic and facultative anaerobic; forms spores located 
at the ends ; grows slowly on the ordinary media ; in milk 
causes development of lactic acid with precipitation of 
casein and production of gas. 

There are numerous other bacteria, such as the bacte- 
rium acidi lactici, which cause the formation of lactic acid 
in milk. 

Bacterium urese — A short, thick bacillus with rounded 
ends ; aerobic and facultative anaerobic ; found in ammo- 
niacal urine ; grows slowly at room temperature upon gela- 
tin, which is not liquefied ; decomposes urea, forms ammo- 
nium carbonate. 

Bacterium Zopfii — ^Found in the intestines of hens; a 
bacillus .75 to 1 fi broad and 2 to 5^ long; may form 
threads. Actively motile ; does not liquefy gelatin ; aero- 
bic; forms spores; grows rapidly, best at 20° C. upon gela- 
tin ; it is said not to grow on blood-serum. 
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Spirillum rubrum — ^Found by Esmarch in the putrefying 
cadaver of a mouse ; short spirals twice the breadth of the 
cholera spirillum, usually with one to three turns; in bouil- 
lon growing into long spirals ; motile with flagella ; spore 
formation probable ; does not liquefy gelatin ; grows slowly, 
best at about 37° C. on the ordinary media; produces a 
wine-red pigment only when the air is excluded. 

Spirillum or Spirochaeta dentium. — ^Found in the mouths 
of healthy persons, on the margins of the gums when they 
are covered with a dirty deposit ; long spirals with several 
windings uneven in thickness ; has not been cultivated. 

Spirillum sputigenum — ^Found in the human riiouth in 
healthy persons at the margin of the gums ; curved rods or 
short spirals which resemble the spirillum of cholera in 
form ; has not been cultivated. 

Spirillum rugula (Vibrio rugula). — ^Found in swamp 
water, in fecal matter, and in the tartar of the teeth ; a 
curved rod .5 to 2.5 fi broad and 6 to 8 m long, having one flat 
spiral winding ; motile, with flagella at the ends ; liquefies 
gelatin ; anaerobic ; forms spores located at the ends ; de- 
velops rapidly, best above 20° C, on most media, making 
a whitish growth ; gelatin colonies yellowish-white ; devel- 
oping a fecal odor in all cultures. 

Spirillum volutans — ^Found in swamp water; very 
long spirals with several turns 1.5 to 2 fi broad and 25 
to 30 A long ; motile, with a flagellum at each extremity. 
The protoplasm is granular. 

Spirillum undula. — ^Found in putrefying infusions con- 
taining organic matter ; a rather short spiral form with three 
turns or less, about 1 ii thick and 8 to 12 ^^ long; actively 
motile, with a flagellum at each extremity. 

Spirillum or Spirochaeta plicatile. — ^Found in swamp 
water ; spiral forms of various lengths ; sometimes 100 to 
to 200 fi long ; actively motile. 

16 
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The spirilla (vibrios or comma-shaped forms), closely re- 
sembling the spirillum of cholera, will be considered in 
connection with that organism. 

Higher bacteria. — Certain organisms (beggiatoa, thio- 
thrix, leptothrix, cladothrix, streptothrix) of more compli- 
cated structure than most bacteria, but resembling them in 
many respects, are called " higher bacteria." They consist of 
definite filaments which are usually made up of rod-shaped 
elements, but the relation between these elements is very 
intimate. Some of them (beggiatoa, thiothrix) contain sul- 
phur granules. Many of them occur in water. There are 
forms among them which are found attached to some ob- 
ject by one end of the filament (thiothrix). Some of them 
(streptothrix) have branching filaments, which are very 
rarely seen among the lower bacteria (see page 89). Often 
one end of the filament becomes specialized for the purposes 
of reproduction. The fungus of actinomycosis probably 
belongs to the higher bacteria. 

Leptothrix buccalis — ^Found in the mouth cavity. This 
name has been applied to large, twisted, thread-like organ- 
isms, in which segments can be demonstrated with difli- 
culty or not at all. Apparently different organisms have 
been described under this name. Vignal claims to have 
cultivated a leptothrix buccalis. Miller recognizes two 
principal species, neither of which could be cultivated, — 
leptothrix innominatay which shows no transverse divisions, 
and which is stained faintly yellow by iodine ; and bctciUus 
buccalis maximuSy in which the transverse divisions are dis- 
tinct, and which is stained brownish-violet by iodine. 
Miller's leptothrix maxima buccalis is similar to the last 
except in lacking the iodine reaction. 

In the course of bacteriological work one constantly en- 
counters yeasts and moulds, which, although not bacteria, 
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Fio. 47.— a. PenlclUium glaucum. b. Oldium lactis. e. Aspergillus glaucus. d. The 
same more highly magnified, e. Mucor mncedo (Baumgarten). 

must nevertheless be understood and recognized to avoid 
•error. Accidental contamination of tubes or plates is likely 
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to be the result of the growth of some of these forms. The 
yeast* generally go by the name of saccharomyces^ of which 
there are several species. The saccharomyces cerevisioe is the 
ordinary yeast of alcoholic fermentation. Some of the 
yeasts present colored growths — red, white and black. 
"iTiey consist of large, oval cells, which readily stain with 
the aniline dyes. They multiply by the protrusion of a lit- 




FiG. 48.— Yeast cells. 

tie bud from the cell, which develops into a new cell. In 
an actively germinating growth of yeast these budding cells 
are readily distinguished (Fig. 48). 

Among the other fungi, the varieties most commonly en- 
countered are the mucar^ the penicillium, the aspergiltus and the 
oidium. There are various species of each of them. They 
consist of cells arranged end to end, making a thread-like 
body called a hypha. The threads are matted together and 
form Si mycelium. Certain threads project upward from the 
mycelium, and on them are borne spores ^ or conidia. The 
arrangement of the spores is characteristic in each variety 
of mould (Fig. 47). 
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PATHOGENIC BACTERIA. 

Suppuration and Allied Conditions — The occurrence 
of suppuration is characterized by certain appearances 
which we are accustomed to describe under the name of 
inflammation. The study of inflammation belongs to pa- 
thology, and cannot be considered here. However, certain 
evidences which are characteristic of the suppurative variety 
of inflammation need to be studied on account of their re- 
lation to the action of the pyogenic bacteria. 

In a suppurating area, as is well known, the blood-vessels 
are dilated, and the lymph-spaces become filled with serum. 
Leucocytes are attracted to the neighborhood in large num- 
bers, we may suppose by a positive chemotaxis, and crowd 
the small veins and capillaries. The leucocytes, by reason 
of their ameboid movement, pass through the walls of the 
vessels at little openings filled with cement-substance, situ- 
ated between the lining endothelial cells. According to 
the theory of phagocytosis, they are bent on finding the 
irritant which has led to the inflammation, and upon isolat- 
ing it and rendering it harmless. At the point which ap- 
pears to be the center of the inflammatory area there is 
usually, but not always, a necrosis of the cells of the tissue ; 
this constitutes the central slough or the familiar core of 
some boils. The necrosis is to be attributed to poisons 
formed by the micrococci. In sections cut through such an 
abscess the nuclei of the central necrotic cells fail to take 
the nuclear stain ; the necrotic mass does not stain, or takes 
the dye diffusely and irregularly, and it exhibits many fine 
granules. 
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We find the cells of the tissues surrounding the necrotic- 
area mingled with large numbers of polynuclear leucocytes,, 
which enclose the area of •irritation, as an army of defence 
might be drawn up to repel an invasion. 

The nuclei of the cells near the center of the abscess are 
frequently broken up into a number of small parts (frag-^ 
mentation), which indicates the commencement of their 
destruction. In sections through small abscesses it is pos- 
sible, by means of a double stain of borax-carmine, followed 
with gentian-violet, according to Gram's method, to bring 
out the histological character of the tissue, and at the same 
time to stain the common pyogenic bacteria, which are 
usually found near the center of the abscess in large num- 
bers, even making masses visible with a low power of the 
microscope. Preparations, most convincing and of great 
beauty, may be secured in this manner. It is often possi- 
ble to demonstrate masses of micrococci filling up the 
lumina of capillaries in which they are lodged as emboli. 

The production of pus in the center of the abscess is due 
to the liquefaction of the necrotic tissue, which apparently 
results from the action of some peptonizing ferment. In 
the liquid thus formed, immense numbers of the polynuclear 
leucocytes are found floating, and they constitute the vast 
majority of the so-called pus-cells. The nuclei of these 
cells are obscured by clouds of extremely fine granules^ 
The granules are of an albuminoid nature, and are dissolved 
by acetic acid, when the nuclei become visible. The nu- 
clei are generally in three, four, five or more parts. The 
presence of the fine albuminoid granules in the pus-cells is 
to be counted as a degenerative change. Although it is 
possible to produce suppuration in laboratory experiments 
by the introduction of sterilized irritants, such as croton oil, 
in the vast majority of cases suppuration is due to the action 
of pyogenic bacteria. 
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Specimens of pus will nearly always be found to contain 
bacteria, which can be demonstrated by cultivation, and, as 
a rule, also in smears made and stained upon cover-glasses. 
The bacteria are generally found outside the pus-cells. ' In 
the case of the goaococcus and the diplococcus meningitidis 
intracellularis they are characteristically found in pairs, in- 
side of, or at least attached to the pus-cells. The character 
of the suppuration differs somewhat with the different species 
of pyogenic bacteria. The kind of abscess above described 
— ^localized and having a central slough, usually rather slow 



Fig. 49.— Pus from an acute abscess stained by Gram's method, showing Pus-cells 
and Staphylococcus pyogenes aureus. 

in progress — ^is typical for the staphylococcus pyogenes 
aureus, which is prone to produce circumscribed areas of 
suppuration. The streptococcus pyogenes, on the other 
hand, oftener leads to suppuration of a more diffused char- 
acter, such as we see in cellulitis and erysipelas ; but either 
organism may, at times, produce the effects usually charac- 
teristic of the other. Pus having a blue or green tinge 
generally owes the color to the presence of the bacillus pyo- 
cyaneus. The commonest pus-producing organism is then 
the staphylococcus pyogenes aureus^ and next to that the 
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streptococcus pyogenes. Among the other pyogenic bacteria 
teria the following may be named : 

Staphylococcus pyogenes albas, including staphylococcus 
epidermidis albus; streptococcus of erysipelas (probably 
identical with streptococcus pyogenes) ; gonococcus ; diplo- 
coccus intracellularis meningitidis ; staphylococcus pyogenes 
citreus; micrococcus tetragenus; micrococcus pyogenes 
tenuis, which may be the same as^the micrococcus lanceo- 
latus ; staphylococcus cereus albus and flavus. 

Pus-formation may also be due to micrococcus lanceola- 
tus, bacillus pyocyaneus, bacillus proteus, bacillus coli com- 
munis, bacillus pyogenes fetidus, bacillus pneumoniae (of 
Friedlander), the ray fungus of actinomycosis, and possibly 
the bacillus of bubonic plague. Besides these organisms, 
there are others whose effects are usually more marked in 
a specific way which sometimes form pus, as the bacilli of 
diphtheria, tuberculosis, glanders and typhoid fever. 

Frequently two or more species of pyogenic bacteria will 
be found associated. 

The table on page 185, quoted from Dowd, shows the 
frequency of the occurrence of various pyogenic bacteria 
in 135 cases of different types of suppuration. 

The condition of the animal's tissues is of great importance 
in determining whether or not suppuration is to occur. It 
will be seen that we are repeatedly subjected to infection 
with pyogenic bacteria, but that in most cases suppuration 
nevertheless does not occur. The local conditions have an 
important influence in determining infection. Regions of 
hyperemia, edema, anemia or necrosis are especially liable 
to suppuration, as are tissues which have been bruised, 
lacerated, strangulated or otherwise damaged. Further- 
more, the general condition of the patient is of great im- 
portance. Chronic diseases and conditions of exhaustion or 
depression dispose to suppuration, and the depraved condi- 
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tion of the tissues in diabetes renders the sufferer from this 
disease especially liable to it. These facts have already 
been enumerated in a previous chapter (page 132). In the 
lower animals we find that it is often very difficult to pro- 
duce suppuration artificially with the ordinary pyogenic 
bacteria. In rabbits the subcutaneous introduction of 
staphylococcus pyogenes aureus frequently fails to produce 
an abscess. Suppuration is likely to result, however, if an 
irritant body like a piece of sterilized potato or sterilized 
glass be introduced along with the bacteria. 

Pyogenic bacteria are most frequently introduced into 
the body through the agency of injuries and wounds of va- 
rious sorts. They are very widely disseminated in nature, 
and are always liable to be clinging to external objects, 
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especially in cities and around dwellings. The infection of 
a wound in this manner, when the suppuration is of a 
spreading character, such as is most characteristic of strepto- 
coccus infection, is known in every-day language as " blood- 
poisoning." It is possible for infection to take place around 
hair-follicles through the unbroken skin. In such instances 
the suppurative inflammation first shows itself in a minute 
red pimple with a hair in the center. The pimple presently 
becomes a pustule. The process may cease at this point, 
or it may be only the commencement of a large carbuncle 
with a central slough. Such infection has been produced 
experimentally on the human skin by rubbing in cultures 
of staphylococcus pyogenes aureus. It is, furthermore, the 
constant experience of post-mortem examiners that infection 
may occur around the hair-follicles when no wound of the 
skin has been inflicted. 

In many instances, infection with the pyogenic bacteria 
follows upon some preexisting infection ; this happens, for 
instance, in tuberculosis, when tuberculous lungs become 
infected with streptococcus pyogenes, leading to the forma- 
tion of a cavity. It is a common occurrence in gonorrhea, 
after the acute stage of the disease has passed, when we 
find the gonococcus in the pus, mingled with other pyogenic 
micrococci. Secondary infection with pyogenic bacteria is 
usually due to the streptococcus pyogenes, often also to the 
micrococcus lanceolatus. Sometimes we are obliged to 
admit that the manner in which the pyogenic bacteria enter 
the body is unknown. 

The severe general symptoms, familiar to every physician, 
often accompanying acute suppuration, indicate the forma- 
tion of toxic bacterial products and their absorption. Exper- 
imental evidence of the formation of such toxic products 
is not so clear, however, for the pyogenic organisms as for 
some of the other bacteria. It has been shown that the fil- 
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trates of cultures of staphylococcus pyogenes aureus, freed 
from the bacteria, are capable of producing suppuration in 
the lower animals. 

The pyogenic bacteria play a somewhat different part in 
producing disease, which is fully as important as the typi- 
cal suppuration seen in an abscess. This happens when 
the suppurative condition is mixed with other phenomena, 
or when there is inflammation of another variety without 
suppuration at all ; or there may be lesions not inflamma- 
tory in a strict sense. These differences in their action 
depend largely upon the organ affected. One such condi- 
tion is osteomyelitis, which is, usually, suppuration occur- 
ring in bone, but which does not present the ordinary 
picture of pus-formation owing to the hard and unyielding 
character of the tissue. Other conditions of very great 
importance are meningitis, pericarditis, pleuritis, pneumo- 
nia (croupous and broncho-), peritonitis and endocarditis. 
It will be observed that these affections are, for the most 
part, inflammations of the serous membranes. Such 
inflammations, when they are produced by pyogenic bac- 
teria, are likely to be of great severity, accompanied by the 
formation of fibrinous exudates; pus-formation may or 
may not be present. We find that the cause at times is 
the staphylococcus pyogenes aureus ; this is often the case 
in malignant endocarditis. Generally speaking, however, 
in such inflammations the streptococcus pyogenes and the 
micrococcus lanceolatus occur most commonly, although 
they are by no means the only organisms found. 

From a point where there is suppuration or other local- 
ized infection, pyogenic bacteria may enter the circulation 
and become widely disseminated throughout the body. 
That happens very commonly in malignant endocarditis. 
In this manner secondary or metastatic abscesses may be 
produced in the most diverse organs. 
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The term pyemia is used to describe the dissemination 
of pyogenic bacteria in the circulating blood, with the 
formation of metastatic abscesses. 

Staphylococcus pyogenes aureus — ^A micrococcus of 
variable size, arranged in irregular clumps, sometimes in 
pairs; about .8 to .9 /i in diameter; not motile (Fig. 
49). It stains by Gram's method ; it is facultative 
j anaerobic; grows rapidly, best at 30° to 37° C. It 
liquefies gelatin. A soluble peptonizing ferment 
has been separated from cultures which acts by 
itself, independently of the living micrococci. 
Upon gelatin plates small colonies appear at the 
end of about two days. It grows well upon all 
the culture-media. Milk is coagulated. It does 
not lead to fermentation with the production of 
gas. 

The growths in the first place are pale, sub- 
sequently becoming golden-yellow in color. This 
color appears well on all media, and is especially 
distinct on potato. Sometimes the color is slow 
in developing. 

In a fresh, moist condition the organism is 

killed by ten minutes' exposure to 58° C. ; in a 

staphyiococ- dcsiccated condition it requires a temperature of 

cus pyogenes 

aureus, cni- 90° to 100° C. to dcstrov it. It resists drvinff in 

ture in gela- *' */ o 

liquefaction^ ^ Considerable degree. In the same specimen the 
micrococci may have quite different resisting- 
powers to chemical germicides. Some of them are de- 
stroyed by 1-1000 solution of bichloride of mercury in five 
minutes ; others survive exposure to the same for from ten 
to thirty minutes. (Abbott.) 

As has already been mentioned, the staphylococcus pyo- 
genes aureus is the commonest of the pyogenic bacteria 
in man. It has been obtained from a great variety of 
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sources, and appears to be able to exist as a saprophyte. 
It has been found on the skin, in the mouth, in the nasal 
and pharyngeal mucus, and also in the alimentary canal. 
It has furthermore been detected in the air and in dust. It 
appears to find the conditions necessary for its existence 
in the vicinity of human habitations. 

Cultures of the staphylococcus pyogenes aureus vary 
considerably in virulence. These variations are sometimes 
to be explained through cultivation on unfavorable media 
or repeated transplantation from one medium to another ; 
but at times the diminished virulence is due to unknown 
causes. The lower animals used for experiments are not 
as readily infected as man. The local introduction in rab- 
bits or guinearpigs of a part of a culture of staphylococcus 
pyogenes aureus may be entirely without effect. The use 
of a very large dose, or the addition at the same time of 
some kind of irritant, may produce an abscess. Large 
amounts of cultures in bouillon may often be injected into 
the peritoneal cavity of the dog without effect, when the 
simultaneous addition of a piece of sterile potato or an 
injury to the gut may lead to fatal peritonitis. Introduc- 
tion of fluid-cultures into the venous circulation of the 
rabbit generally produces metastatic abscesses in the kid- 
neys, the heart-muscle and the voluntary muscles, and 
causes death. 

In man this organism produces suppuration of a local- 
ized character, such as we are familiar with in boils and 
carbuncles. It has been shown to be the usual cause of 
infectious osteomyelitis. Osteomyelitis has been produced 
experimentally in rabbits by the injection of the staphylo- 
coccus pyogenes aureus, both with and without previous 
injury to the bone of the animal. Ulcerative endocarditis 
has on numerous occasions been shown to bfe due to this 
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organism. It has been found possible to produce ulcerative 
endocarditis experimentally in animals by the injection 
of the staphylococcus pyogenes aureus when the valves 
of the heart have first been mechanically injured. The 
staphylococcus pyogenes aureus has also been found in 
acute abscesses of the lymph-nodes, tonsils, parotid gland, 
and mammary gland, in suppurating joint affections and 
empyema. It appears, furthermore, in acute inflammation 
of the serous membranes, — ^pleuritis, pericarditis, perito- 
nitis, — although less firequently than the streptococcus pyo- 
genes. 

Staphylococcus pyogenes albus. — ^In form and manner 
of growth this organism behaves like the staphylococcus 
pyogenes aureus, with the exception that it produces no 
colored growths and its cultures appear white. Its patho- 
genic properties are less marked, and it is a less frequent 
cause of suppuration than the staphylococcus pyogenes 
aureus. It has, however, been found in acute abscesses on 
numerous occasions. 

Staphylococcus epidermidis albus. — According to 
Welch, the epidermis of man contains with great regular- 
ity the organism to which he gave the above name, and 
which he considers to be a variety of staphylococcus pyo- 
genes albus. It grows, liquifies gelatin, and coagulates 
milk more slowly than the ordinary staphylococcus pyo- 
genes albus. It is, furthermore, possessed of less marked 
pus-producing tendencies. Welch found it impossible to 
sterilize the skin so as to remove this micrococcus from it. 
The organism is usually innocuous. It has been found in 
healthy wounds on numerous occasions. It is capable of 
causing trouble in wounds when necrotic or strangulated 
tissues are present, or where a foreign body like a drainage- 
tube has been left in the wound. It is a common cause of 
stitch abscesses. 
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Streptococcus pyogenes. — Appears as micrococci ar- 
ranged in chains, often in pairs, when the adjacent cocci 
may be flattened. Sometimes the chains are very long. 
The diameters of the cocci vary from .4 to 1 n. Attempts 
have been made to create varie- 
ties of streptococci according to 
the length of the chains. On 
that basis a streptococcus brevis 
and a streptococcus longus have 
been described. 

The streptococcus pyogenes 
is not motile. It stains by 
Gram's method. It is faculta- 
tive anaerobic; grows best in 

the incubator; more slowlv^ at FiG.Sl.—Streptococeua pyogenes, from 
, , ** a pure culture. 

room temperature, and does not 

liquefy gelatin. In gelatin plates it produces small, round, 
white, punctiform colonies which are slow of development, 
and are only visible after about three days. It grows on 
the ordinary media ; with the exception of potato, accord- 
ing to some authors. Milk may or may not be coagulated. 
The growths are never very luxuriant, and may die out 
entirely after a few transplantations. 

It is killed by exposure to 52° to 54° C, in ten minutes. 
The streptococcus pyogenes occurs frequently on the mu- 
cous surfaces of the healthy body. It is often found in 
pus, especially pus of spreading inflammations of the kind 
known as cellulitis. This organism is the usual infectious 
agent in puerperal fever, metritis and peritonitis. It has 
been discovered many times in ulcerative endocarditis. It 
is frequently present in the false membrane found in genu- 
ine diphtheria. It is also the cause of many of the pseudo- 
membranous or so-called " diphtheritic " affections of the 
throat where the Klebs-Loffler bacillus of diphtheria is 
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wanting. These cases may be indistinguishable clinically 
from genuine diphtheria, and their nature will only be re- 
vealed on bacteriological examination. They are, however, 
as a rule, milder than the genuine diph- 
theria. The pseudo-membranous affec- 
tions of the throat which occur in scarlet 
fever and measles are generally caused 
by the streptococcus pyogenes, although 
those diseases may he complicated by 
genuine diphtheria. 

The streptococcus pyogenes is patho- 
genic for mice and rabbits, but the viru- 
lence is very variable. Its virulence is 
rapidly lost in artificial cultures. It is 
said that it is best maintained when cul- 
tures on gelatin, after forty-eight hours' 
growth, are kept in a cool place, as in 
the ice-chest. Marmorek undertakes to 
pyo^^'nesjcuunrrona^^^^^ maintain or increase the virulence by 

(Frankel and PfeiflFer.) . '^ r* . • •_, jy ^ 

growing it first in a mixture of human 
blood-serum (or that of the ass or the horse) with bouillon, 
and then inoculating it into the body of a rabbit, alternat- 
ing these procedures to obtain a culture of very high viru- 
lence. A serum of uncertain value, derived from the horse 
and intended to cure streptococcus infection, has been pre- 
pared by Marmorek. 

Coley has recommended a bouillon culture of strepto- 
coccus pyogenes (or of erysipelas), in which the bacillus 
prodigiosus was afterward grown, to be administered by 
injection, after sterilization of the cultures by heat, in cases 
of inoperable sarcomatous tumors. These injections appear 
in some cases to have accomplished remarkable and wholly 
unexplainable cures. 

Streptococcus of erysipelas. — A streptococcus has been 
derived from cases of erysipelas which in all essential re- 
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spects, in its morphology, its growth on culture-media, its 
behavior with stains, and its pathogenic properties, is simi- 
lar to the streptococcus pyogenes. It is probable that these 
organisms are identical. 

Micrococcus tetragenus. — ^Found in the cavities in the 
lungs of pulmonary tuberculosis, in sputum and in pus. 
The micrococci are enclosed in a transparent capsule, best 
seen in preparations from the tissues of inoculated animals, 
and are arranged in pairs or in fours ; about 1 ii in diameter ; 



Fig. 53.— Micrococcus tetragenus. (Giinther.) 

not motile ; stain by Gram's method. It grows well at the 
room temperature, but rather slowly ; is facultative anaero- 
bic; does not liquety gelatin. Gelatin-plates show little, 
white, punctiform colonies, which, with the low power, are 
finely granular, and have a peculiar glassy shimmer ; and in 
stab-cultures the growths appear as little colonies along 
the line of puncture. On agar, round white colonies form, 
not spreading. It produces a thick, slimy film on potato 
and a broad, white, moist growth on blood-serum. This 

17 
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organism is only occasionally found in pus. It is patho- 
genic to white mice and guinea-pigs, not to gray mice and 
rabbits. It may produce a septicemia or only a localized 
suppuration in guinea-pigs. In white mice a general sep- 
ticemia results, when the micrococcus tetragenus is found 
in the blood and in the great viscera. White mice usually die 
in from two to six days ; guinea-pigs in from four to eight 
days. 

Micrococcus lanceolatus (Micrococcus pneumoniae 
crouposse. Micrococcus Pasteuri, Diplococcus pneumoniae, 



Fig. 54.— Pneumococcus of Frankel. (Frankel and Pfeiflfer.) 

Micrococcus of sputum septicemia, Streptococcus lanceola- 
tus Pasteuri, and Pneumococcus of Frankel). — This organ- 
ism was discovered by Sternberg in his saliva in 1880, and 
afterward demonstrated to be the cause of lobar pneumonia 
by Frankel and Weichselbaum. The micrococci usually 
occur in pairs. The pair of micrococci, in its most typical 
form, appears like a couple of curved triangles with their 
bases close to each other. The outline is usually described 
as being lancet-shaped. The micrococci are frequently oval 
or round ; they often form chains. When it is most charac- 
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teristic, each pair of micrococci is surrounded with a cap- 
sule, which is best shown in -preparations made from the 
l)lood of infected animals or from pneumonic sputum ; the 
capsule is not usually seen in preparations made from cul- 
tures. The pneumococcus is not motile. It stains by 
Gram's method, which also is useful in demonstrating the 
capsule. It is aerobic and facultative anaerobic. It grows 
only at elevated temperatures, preferably about 35° to 37° 
•C. Gelatin is not liquefied. It grows well upon agar and 
upon blood-serum. It does not grow upon potato. Milk 
usually becomes acid, and is coagulated by it. The colo* 
nies are seen in their characteristic form upon agar, and 
Are developed after about forty-eight hours, appearing as 
minute, whitish, translucent, circular growths. 

It is killed by an exposure to 52° C. for ten minutes. 

It is best cultivated from the blood of an animal which 
has been infected with the sputum of a case of lobar pneu- 
monia. Cultures need to be transplanted every few days; 
they cannot usually be propagated more than a couple of 
months. 

The virulence of the organism for animals diminishes 
rapidly in cultures. In cultures it frequently grows as a 
streptococcus. When virulent, it is pathogenic to mice 
and rabbits, less so to guinea-pigs. In these animals it is 
likely to lead to inflammations, and to rapidly fatal septi- 
cemia (twenty-four to forty-eight hours). The blood may 
contain great numbers of the diplococci. It may be intro- 
duced subcutaneously or into the peritoneum, or by intra- 
venous injection when liquid cultures are used. Its viru- 
lence is very variable. In the sputum of a case of lobar 
pneumonia, early in the disease, it is likely to be virulent. 
The virulence is best maintained by repeated inoculations 
into mice or rabbits. 

This organism is detected very frequently in the human 
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mouth. When taken from the mouth it is not, however, 
pathogenic to animals in many instances, being found 
virulent in only from 15 to 20 per cent, of human 
mouths. It is the specific cause of croupous or lobar pneu- 
monia in man. In that disease the characteristic lesion 
consists of an inflammation of the lung, involving large 
areas, usually one or several lobes. An exudate is poured 
into the air-vesicles, which in the early part of the disease 
contains red blood-cells, imparting the rusty color to the 
sputum. The principal element in the exudate is fibrin. 
The formation of fibrin produces the liver-like consolidation 
or " hepatization." The diplococci can readily be demon- 
strated in sections of pneumonic lung, which are best 
stained by carmine and gentian-violet, by the Gram- 
Weigert method. Although the exudate at first contains 
many red blood-cells and the solid lung appears red, subse- 
quently it becomes decolorized and presents a gray color. 
Many leucocytes will now be found to have migrated into 
the air-vesicles, and the lung will have become relatively 
anemic, instead of hyperemic. Finally, the fibrinous exudate 
and the cells entangled in it become softened and lique- 
fied. Some of this liquefied exudate is absorbed into the 
lymphatics in the walls of the air-vesicles; part of it is ex- 
pectorated. 

The micrococcus lanceolatus can be detected in large 
numbers, sometimes almost unmixed with other bacteria, 
in the rusty sputum of lobar pneumonia, often showing the 
peculiar unstained capsule. On account of its liability 
to be mixed with other forms of bacteria, its presence in 
the sputum of cases suspected of being pneumonia is 
not of very great value in ditterential diagnosis, especially 
considering that it is so commonly present in the normal 
mouth. 

The micrococcus lanceolatus is often also the cause of 
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broncho-pneumonia and of meningitis. It produces inflam- 
mations in other situations as well, the most important being 
pleuritis, pericarditis and endocarditis. The micrococcus 
lanceolatus may produce suppuration, although not very 
commonly. 

G. and F. Klemperer claim to have obtained toxins 
from cultures of the pneumococcus, and to have established 
immunity in animals with the development in the blood of 
antitoxic substances. Their experiments have been repeated 
by Washbourn and others, but the interpretation of them 
at the present time is not clear. 

The organism described by Rosenbach, under the name 
of the micrococcus pyogenes tenuis^ is probably only a variety 
of the micrococcus lanceolatus. 

Diplococcus intracellularis meningitidis.* — ^Found in the 
exudate of cerebro-spinal meningitis by Weichselbaum; a mi- 
crococcus about the size of 
the common pyogenic cocci; 
grows in pairs or fours, more 
often in pairs consisting of 
two hemispheres separated by 
an interval which does not 
stain; usually found within 
the pus-cells, in which re- 
spect it resembles the gono- 
coccus. It is stained by or- 
dinary methods with the ani- 
line dyes, and is decolorized fig 65.— Dlplococcus intracellularis men- 
•^ ingitidis and pus-cells. (Councilman.) 

by Gram's method. It does 

not grow at the room temperature but only in the incubator ; 

gelatin is not available. There is no growth on potato and 

* The writer is indebted for the brief statement, which it is possible to 
give here, chiefly to the recent exhaustive report to the Massachusetts Board 
of Health by Councilman, Mallory and Wright. 
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scanty growth on agar or in bouillon. The development is 
most abundant upon Loffler's blood-serum, when round, 
white, shining, viscid-looking colonies with sharp outlines 
may be seen in twenty-four hours. The serum is not 
liquefied. Upon agar, or, better, upon glycerin-agar, the 
colonies are flat, round, translucent, viscid-looking, under 
the low power having a yellowish-brown color. The organ- 
ism should be transplanted to fresh media frequently, as it 
rapidly loses its power of reproduction. Many of the tubes 
inoculated with the original material or with pure cultures 
show no growth. 

It is moderately pathogenic for guinearpigs and rabbits 
when inoculated into the pleura or peritoneum. Meningitis 
and encephalitis have been produced in the dog and goat 
by inoculation in the meninges. 

This organism appears to be the principal if not the only 
cause of epidemic cerebro-spinal meningitis. The lesion 
consists of a purulent inflammation of the pia and arachnoid, 
extending into the brain substance, over the cord, and along 
the nerves. General invasion of the tissues of the body 
seems not to occur, but focal areas of pneumonia may be 
present. Spinal puncture in the lumbar region is recom- 
mended as a means of diagnosis. The puncture should be 
made early, and the fluid should be examined with the 
microscope and by cultures. 

Micrococcus gonorrheae (Gonococcus of Neisser). — 
Found in pus in cases of gonorrhea. The micrococci gen- 
erally are in pairs, occasionally in groups of four. The 
cocci are flattened, the flattened sides face each other, and 
they are often compared to a pair of biscuits. The long 
diameter of the pair of biscuit-shaped elements is about 
1.25 At. The organisms are usually found attached to the 
epithelial cells or inside of the pus-cells ; they are also found 
in smaller numbers floating free in the fluid. They stain 
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with ordinary aniline dyes, for example Loffler's methylene- 
blue, but not by Gram's method. 

The occurrence, (1) inside of the pus-cells, (2) of pairs of 
biscui1>shaped micrococci (3) which are not stained by 
Gram's method, will serve to distinguish the gonococcus 
from all the other ordinary pus-forming bacteria. There 
are other diplococci (pseudo-gonococci), probably non-patho- 
genic, which have been found in the urethra, which, it is 
said, are also decolorized by Gram's method. Such organ- 
isms are not likely to pre- 
sent all the points men- 
tioned as characteristic of 
the gonococcus. The re- 
cognition of the gonococcus 
in the discharges of a case 
of acute gonorrhea is usu- 
ally a matter of the great- 
est possible ease. It must 
be admitted, however, that 
in cases having chronic dis- 
charges, when its detection 

1 T . 1 -I Fig. 56.— Gonococcus and nuclei of pus-cells. 

IS most to be desired, the (Pboto-mlcrograph bv Dr. F. C. Busch, Patho- 
^ logical I>aboratory, University of Buffalo.) 

diagnosis may become very 

difficult and is frequently impossible, owing to secondary in- 
fection with the ordinary pus-forming or other bacteria, 
which may be present in larger numbers than the gono- 
coccus itself. 

The gonococcus is a facultative anaerobe. It grows only 
in the incubator, and cannot therefore be cultivated upon 
gelatin. Its cultivation is in fact a matter of some difficulty. 
The medium usually selected is a mixture of agar with 
human blood-serum. The blood-serum from the placental 
blood and from pleuritic and peritoneal transudates and hy- 
drocele fluid, has been taken. The addition of human 
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urine, sterilized by filtration through porcelain, to the mix- 
ture of blood-serum and agar improves its character accord- 
ing to some writers. A convenient medium is one consist- 
ing of one part of human serum derived firom a pleuritic 
eifiision, added to two parts of a 2 per cent, nutrient agar. 
The agar has previously been sterilized ; the two are mixed 
in tubes while fluid ; they are cooled while in an inclined 
position, and are sterilized between 65° and 70° C. by the 
fractional method on six consecutive days. They are after- 
ward tested in the incubator for two days. 

The colonies of the gonococcus are very small, grayish- 
white, circular, translucent ; appearing after from twenty- 
four to forty-eight hours. They may attain a diameter of 
1 to 2 m.m. The gonococcus will occasionally develop on 
ordinary glycerin-agar or Loffler's blood-serum medium, but 
the growth is likely to be feeble and cannot be relied on. 
The cultures live for a considerable time if kept from dry- 
ing. The gonococcus is not known to produce urethritis 
or conjunctivitis in any of the lower animals. In the peri- 
toneum it may cause suppurative inflammation in mice and 
guinea-pigs. Reproduction of the disease in man has been 
effected by experimental inoculation with pure cultures. 
Besides being the cause of gonorrheal urethritis, the gono- 
coccus has been isolated from cases of vaginitis in women 
and little girls, and from gonorrheal conjunctivitis. It has 
been found to be the cause of many cases of pyosalpinx, as 
well as of gonorrheal proctitis, arthritis, myocarditis and 
endocarditis ; these conditions complicating gonorrhea may 
also be secondary or mixed infections. 

Bacillus pneumoniae (of Friedlander). — A short bacillus 
with rounded ends, sometimes growing out to a greater 
length; sometimes occurring in pairs; surrounded by a 
capsule which is only seen in preparations made from the 
tissues of infected animals, and is not demonstrated in cul- 
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tures. This bacillus is not motile. It does not form spores. 
It stains with the ordinary aniline dyes, but does not stain by 
Gram's method. It is aerobic and facultative anaerobic. 
It may be cultivated at ordinary temperatures, but grows 
better in the incubator. It does not liquefy gelatin. Stick- 
cultures in gelatin develop especially at the point where the 
puncture enters the surface of the gelatin, making what is 
called a " nail-shaped " growth ; the growth in gelatin is 
white. It develops also on the other media. Dextrose and 
lactose are fermented by it ; in cultures on potato, gas is 
formed. 

The thermal death-point is about 56° C. It is pathogenic 
for mice, less so for guinea-pigs and rabbits. This bacillus 
is sometimes found in the healthy mouth and nose. It has 
been known to cause inflammation, especially in the vicin- 
ity of the mouth, nose and ear, broncho-pneumonia, and 
more rarely empyema and meningitis. It was described 
by Friedlander as the specific cause of lobar pneumonia. 
Subsequent investigations indicate that it is comparatively 
seldom found in pneumonia. 

There are various capsulated bacilli (capsule bacilli of R. 
Pfeiffer and others) which closely resemble the bacillus of 
Friedlander, and at least belong to the same group. 

Bacillus of rhinoscleroma. — A short bacillus with 
rounded ends, often united in pairs, also growing to a 
greater length ; surrounded by a capsule; not motile; stained 
by the ordinary aniline dyes. Its behavior with Gram's 
method is said to distinguish it from the bacillus of Fried- 
lander, as the bacillus of rhinoscleroma is not so easily decol- 
orized by Gram's method. This organism has been culti- 
vated. It is aerobic. It grows rapidly, best in the incubator. 
It does not liquefy gelatin ; its growth in gelatin stick-cul- 
tures resembles the bacillus of Friedlander. It grows on 
the ordinary media. Gas may be developed upon potato. 

18 
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It is pathogenic for mice and guinea-pigs, less so for rab- 
bits. Its virulence is less than that of Friedlander's 
bacillus. 

It has been obtained from the tissues of cases of rhino- 
scleroma. Rhinoscleroma is a disease characterized by a 
chronic tubercular thickening and swelling of the skin 
around the nose and similar swelling of the nasal mucous 
membrane, sometimes followed by ulceration. It is com- 
monest in Austria and Italy. It has been seen in America 
only with the greatest rarity. 

The organisms may be stained in the diseased tissues, 
but their detection is a matter of considerable difficulty, 
and they are not always found. It is not yet certain that 
they are the cause of rhinoscleroma. 

Bacillus pyocyaneus — ^A slim bacillus with rounded 
ends. It is motile. It does not form spores. It is decol- 
orized by Gram's method. It is aerobic ; grows well at or- 
dinary temperatures; liquefies gelatin, and grows on the 
ordinary culture-media. Cultures present a blue or green 
color, especially in transparent media. This color is not 
confined to the growth itself, but a blue or green fluores- 
cence spreads over the whole medium. In old agar-cul- 
tures the color may become very dark. The pigment forms 
in the presence of oxygen, and is due, at least in part, to 
the ptomaine, pyocyanin. On potato the growth is usually 
brown, which may be tinged with green. Milk is coagu- 
lated, and an acid reaction is developed. Indol is formed 
in Dunham's peptone solution. Blood-serum is liquefied. 

The bacillus pyocyaneus seems to be rather widely dis- 
tributed in nature ; it has been found on the skin, in nor- 
mal feces, also in diarrheal discharges. It is the cause of 
the color in blue or green pus. It has frequently been 
demonstrated in pus, but oftenest, perhaps, in mixed infec- 
tions. It is found in various abscesses, in otitis media, 
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peritonitis, appendicitis and broncho-pneumonia. It is 
pathogenic for guinea-pigs and rabbits, in whom it may 
produce septicemia. In animals it may lead only to local 
suppuration, from which they may recover, being made im- 
mune to subsequent infection with this organism. It ap- 
pears that an antagonism exists between the products of the 
bacillus pyocyaneus and the anthrax bacillus. Rabbits 
which have been inoculated with cultures of the anthrax 
bacillus may recover if they are injected shortly after with 
a culture of the bacdllus pyocyaneus. 

Bacillus proteus. — A bacillus with rounded ends, vary- 
ing much in length, breadth .4 to .6 m; frequently appearing 
as short ovals like micrococci ; sometimes growing out into 
long filaments, so that it is said to be pleomorphic. It is 
motile. Spore formation has not been observed. It is 
aerobic and facultative anerobic. It grows rapidly at ordi- 
nary temperatures. This organism was originally described 
by Hauser as three diiferent species— p^o^m5 vulgaris^ which 
was said to liquefy gelatin rapidly, proteus mirabilis, which 
liquefied gelatin slowly, and proteus Zenkeriy which did not 
liquefy gelatin. It seems probable that these organisms 
were, in fact, varieties of the same species, now called ba- 
cillus proteus. Upon gelatin-plates the colonies present a 
characteristic phenomenon, when seen under the low power, 
in the projection of processes which subsequently change 
their form and position, and which may become entirely 
detached from the original colony, so that the surface of the 
gelatin may become covered with so-called " swarming 
islands." 

This organism is one of those which were formerly de- 
scribed under the name of bacterium termo. It is among 
the most common and widely-distributed bacteria. It has 
been found in decomposing animal and vegetable substances, 
in the feces, and in the discharges of children having cholera 
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infantum. It appears that this organism may occasionally 
be pathogenic to man, causing pus-formation, peritonitis, 
and even general infection. Injection of cultures in consid- 
erable amounts may be pathogenic to animals. 

Bacillus pyogenes fetidus — A short bacillus with 
rounded ends about .5 fx broad and 1.5 fx long ; often in pairs ; 
slightly motile ; spore formation doubtful. It is aerobic ; 
grows rapidly at ordinary temperatures; does not liquefy 
gelatin. It grows on ordinary culture-media ; the cultures 
are whitish ; upon potato, pale brown ; cultures give oft' a 
disagreeable odor. It is found in foul pus, often in mixed 
infections. It probably belongs to the colon group (see 
Bacillus coli communis). 

Bacillus of bubonic plague. — An oval or short rod- 
shaped bacillus, with rounded ends, sometimes possessing 
a capsule. It is not motile. It does not form spores. 
With the aniline dyes the ends stain more deeply than the 
middle ; by Gram's method it appears to be decolorized, 
but sometimes is said not to be. It is aerobic. Its growths 
are grayish-white. It does not liquefy blood-serum. It 
grows best in the incubator, and on most media. 

It is killed in four days by drying ; in three to four hours 
by direct sunlight; in a few minutes by steam at 100° C, 
and in one hour by 1 per cent, carbolic acid. This organ- 
ism is pathogenic to mice, rats, guinea-pigs, rabbits and 
sheep, but not to pigeons. 

In man it appears usually to enter through wounds in 
the skin. The Chinese, who are especially prone to the 
disease, and who go barefooted, are probably very often in- 
fected through wounds of the feet. The wound through 
which the inoculation takes place seems generally to exhibit 
no inflammatory reaction. The lymph-nodes are greatly 
swollen, especially the deep inguinal and axillary nodes. 
The swollen lymph-nodes may suppurate. The suppurat- 
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ing nodes are often infected simultaneously with micro- 
cocci. The bacilli are numerous in the enlarged lymph- 
nodes, but may occur in other organs of the body and in 
the blood. The period of incubation in this disease is from 
two to seven days. Although it has not appeared in civil- 
ized countries during recent times, it has ravaged the 
southeastern part of Asia within a few years. In the Mid- 
dle Ages, and in succeeding centuries, it devastated many 
of the countries of Europe, where it was one of the most 
important of the pestilences that went in those times by 
the name of the " Plague." It appears to have been the 
disease known in English history as the " Black Death." 

Bacillus aerogenes capsulatus. — A thick bacillus, 3 to 
6 A* in length, frequently capsulated. The capsules may 
be found both in cultures and in preparations from animal 
tissues. It is uncertain whether or not spores are formed. 
It is not motile. It stains by Grain's method. It is an- 
aerobic, and is readily cultivated by Buchner's method for 
anaerobes. It grows best at the body temperature, but will 
grow at the room temperature; does not liquefy gelatin, 
or but slightly ; the growths are whitish. In media con- 
taining fermentable substances, as 1 per cent, of dextrose, 
it produces an abundance of gas. Milk is coagulated, and 
the reaction becomes acid. Gas forms upon potato, where 
the growth is thin and grayish-white. 

It is not usually pathogenic to rabbits. In guinea-pigs 
and pigeons it may produce " gas phlegmons." It has been 
found on numerous occasions in the organs of human 
cadavers in which a development of gas had taken place, 
producing bubbles or cavities in the tissues, imparting to 
them a peculiar spongy character (German, Schaumorgane). 
There is reason to believe that in some cases it enters the 
body during life. It has been found during life in cases of 
emphysematous gangrene or cellulitis. This bacillus, or 
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the gas formed by it in the organs of human cadavers, 
appears to have furnished the basis for some of the cases 
in which death has been ascribed to the entrance of air 
into the veins during life. It is probably the organism de- 
scribed by E. Franker as the bacillus phlegmones emphy- 
sematosse. 

Bacillus edematis maligni (French, Vibrion septique). — A 
bacillus 1 At in breadth, 3 to 3.5 /* in length, which may 
form threads, having rounded ends when occurring singly. 



Fig. 57.— Bacillus of malignant edema, showing spores. (Frankel and Pfeiflfer.) 

It is motile, having flagella at the sides and ends. It forms 
spores, and may bulge at the center in consequence of the 
spores formed there. It is decolorized by Gram's method. 
It is a strict anaerobe and is best cultivated under hydrogen. 
It grows at ordinary temperatures, but better in the incu- 
bator. It liquefies gelatin and blood-serum. The colonies 
in gelatin are spherical and appear like little bubbles. It 
grows well upon agar. Gas may be produced in these 
media. 
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It is found in garden earth, street dirt, and in putrefy- 
ing organic material. It is pathogenic to rabbits, guinea- 
pigs, mice, pigeons and various other animals, includ- 



Fio. 58.— Bacillus of malignant edema. Pure culture in dextrosergelatin. 
(Frankel and Pfeiflfer.) 

ing man. Inoculation results in the production of swell- 
ing and edema, spreading from the point of inoculation. 
Qfis may be produced in the tissue. It may lead to wide- 
spread septicemia. 
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Bacillus tetani. — A slim, straight bacillus, with rounded 
ends, which may form in threads. It is slightly motile. 
Spores form in culture-media at the end of thirty hours in 
the incubator. The spores are located at one end, which is 
swollen, so that in this stage the organism has the shape of 
a drum-stick. The spores are extremely resistant, and in 
the dry condition can exist for years. They are killed by 
moist heat at 100° C. in five minutes; by 5 per cent, car- 
bolic acid in fifteen hours ; by bichloride of mercury, 1-1000, 



Fig. 59.— Bacillus of tetanus, showing spores. (Frankel and PfeiflTer.) 

in three hours. The tetanus bacillus stains by Gram's method. 
It is a strict anaerobe ; it grows in an atmosphere of hydro- 
gen, but not of carbon dioxide. It may be cultivated at 
the room temperature, but better in the incubator. It 
grows upon ordinary culture-media, preferably those con- 
taining dextrose. Gelatin is liquefied slowly ; the colonies 
in gelatin present characteristic radiating filaments and look 
like a thistle. It grows on the other culture-media. Gas 
formation is not pronounced. 
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This organism appears to be widely spread in external 
nature, especially in the soil. It is often found in garden 
earth, and in the feces of herbivorous animals. Inoculation 



Fig. 60.— Bacillus of tetanus. Pure culture in dextrose-gelatin. (Frankel and PfeiflTer.) 

with a pure culture produces tetanus in mice ; also in rats, 
guinea-pigs and rabbits. The tetanic spasms begin in the 
vicinity of the point of inoculation and afterward become 
general. The infection appears almost always, if not always. 
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to be introduced through some wound. The bacilli are not 
widely scattered through the body ; they occur only in the 
immediate vicinity of the original lesion, and there are no 
visible alterations in the internal viscera. 

Tetanus is the type of the purely toxic disease. Its 
symptoms may be produced in animals by the injection of 
liquid cultures which have been deprived of their bacteria 
by filtration. The toxic substance appears not to be a pto- 



FiG. 61.— Bacillus of anthrax, impression-preparation. (GtUither.) 

maine, as was at first supposed, and its exact nature is not 
determined. 

The poison is tremendously powerful (see page 140). The 
activity of the poison is destroyed by heat, by drying at 
the body temperature, and by direct sunlight. 

Concerning the use of an antitoxin for tetanus, see page 
149. 

Bacillus anthracis. — This is the largest of the patho- 
genic bacteria with the exception of the spirillum of relaps- 
ing fever, which is longer but more slender. The bacillus 
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of anthrax is 1.5 a* broad, and from 3 to 10 ju long. It often 
forms long threads. The ends of the bacillus appear 
slightly concave. It is not motile. It forms spores, which 
are placed in the centers of the 
bacilli. The spores form only 
in the presence of oxygen; 
they do not appear in the body 
of an infected animal. An- 
thrax spores are the most re- 
sistant of all pathogenic bac- 
teria; they have been known 
to withstand boiling for twelve 
minutes, 5 per cent, carbolic 

acid for forty days, and 1-1000 p,^ 62.-Bacillus of anthrax showing 

bichlorideof mercury for nearly rt'^A^ritJe'frSS'a^Srcuft^.^"^- 
three days. The anthrax bacil- 
lus is aerobic, although not strictly so. It stains by Gram's 
method. It grows at the room temperature, but better in 
the incubator. It liquefies gelatin. Colonies in gelatin 
seen under a low power display numerous, irregular, fine, 
hair-like projections; stab-cultures in gelatin also present 
fine projections passing from the needle-puncture into the 
solid gelatin. It grows on the ordinary culture-media ; the 
growths are usually whitish. Cultures on potato kept in 
the incubator are particularly favorable to the development 
of spores. 

It is pathogenic to mice and guinea-pigs, less so to rab- 
bits ; it is also pathogenic to sheep and cattle. Rats and 
pigeons are quite resistant but not entirely immune; pigs, 
dogs and most birds are not susceptible. 

Anthrax is a disease which occurs chiefly in cattle and 
sheep. It is commoner on the continent of Europe and in 
Siberia than in America. In susceptible animals inoculated 
with virulent cultures of the anthrax bacillus it produces 
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septicemia. Large numbers of the bacilli are found in the 



Fig. 63.— Bacillus of anthrax, involution forms. (After Gunther.) 

blood, and may be crowded together in the capillaries of the 
liver and kidneys. Men are occasionally affected, espe- 



FiG. 64.— Bacillus of anthrax. Stick-culture in gelatin. (Gtinther.) 

cially those whose occupations bring them in contact with 
cattle or with the hides and wool of animals that die of the 
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disease. The infection may enter through wounds of the 
skin, where it usually produces a localized inflammation 
known as malignant pustule. Anthrax of the lungs may 
be acquired by inhalation of material containing the spores 
of the bacilli (" Wool-sorter's disease "). Infection by way 
of the intestine occurs occasionally but is less common. 

The anthrax bacillus, owing to its large size, was the first 
of the pathogenic bacteria to be recognized, and its study 
has furnished the basis of much of our knowledge concern- 



FiG. 65.— Bacillus of anthrax in the capillaries of the liver of a mouse, from a section 
stained with fuchsin. 

ing the infectious diseases. It was for anthrax that Pas- 
teur developed the idea of making a protective vaccine, 
shortly after he had invented a similar vaccine for chicken- 
cholera. 

In order to obtain material free from spores the blood of 
an animal which has recently died of anthrax is taken, 
because anthrax spores do not form in the animal body. 
Cultures made in bouillon are kept at a temperature of 
from 42° to 43° C. At this temperature spores do not 
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form, while the virulence of the anthrax bacillus becomes 
gradually diminished. In time the virulence is so far 
diminished that rabbits will survive inoculation, and event- 
ually also mice and guinea-pigs, which are extremely sus- 
ceptible to anthrax. Small doses of a culture of extremely 
weak virulence are given to the animals which it is desired 
to protect, like cattle and sheep, and subsequently a some- 
what more virulent culture is employed. 

Bacillus of influenza — A small bacillus with rounded 
ends. It does not form spores, is not motile, and is decol- 
orized by Gram's method. It is aerobic, grows only in the 
incubator, and upon media containing blood or leucocytes. 
The medium is prepared by smearing sterile blood over the 
surface of a tube of agar. The colonies are small and 
transparent, looking like little drops of water, not becoming 
confluent. 

Out of a large number of bacilli, mostof them are destroyed 
in twenty-four hours or less by drying. They die out in a 
similar manner in water. Experiments upon animals 
appear up to this time not to have been very convincing. As 
far as is known, this organism grows only in man, and not 
outside of the human body. In cases of influenza it is found 
in the mucous discharges, and in the bronchi and lungs. 
According to Canon, the bacilli may sometimes be found in 
the blood. 

Bacillus diphtherise (Klebs-Loffler). — A straight or 
slightly-curved bacillus, usually 1.2 to 2.5 m in length, with 
rounded or slightly pointed ends, remarkable for showing ir- 
regularities of form, sometimes being club-shaped or spindle- 
shaped ; branching forms are said to have been found, but 
they must occur with very great rarity. It is not motile, 
and does not form spores. It retains its color after Gram's 
method, but it is best stained with watery solutions of the 
aniline dyes, especially Loffler's alkaline methylene-blue. 
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It is peculiar in staining irregularly ; certain spots stain 
more sharply than other portions, and darkly-stained spots 
are likely to occur at the ends. It is aerobic and faculta- 
tive anaerobic. It grows most rapidly in the incubator, and 
slowly, or not at all, below 20° C; Gelatin is not liquefied. 
It may be cultivated on various alkaline culture-media, but 
grows best on Loffler's blood-serum mixture. On this me- 
dium the growth consists of small white or cream-colored, 
slightly elevated colonies, which may become confluent. 
The morphology of the bacillus is most characteristic when 



Fig. 66.— Bacillus of diphtheria. (Frankel and Pfeiffer.) 

it is cultivated on blood-serum. It also grows upon glyce- 
rin-agar. On potato it produces an invisible growth (see 
Bacillus of typhoid fever). In alkaline bouillon containing 
a carbohydrate the reaction becomes acid in forty-eight 
hours. The reaction of the bouillon subsequently becomes 
alkaline. The growth may form a pellicle over the surface 
of the bouillon. It has also been successfully cultivated on 
various media to which egg-albumen has been added. 

It is killed by a temperature of 58° 0. in ten minutes. 
It resists desiccation well. 
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Bacteriological diagnosis of Diphtheria. — ^In many large 
cities the bacteriological diagnosis of diphtheria is under- 
taken by boards of health. The methods used diiFer 
somewhat in detail, but are similar in the main, and are 
based upon the procedure devised by Biggs and Park for 
the Board of Health of New York City. Two tubes are 
furnished in a box. The tubes are like ordinary test-tubes, 
about three inches in length, rather heavy, and without a 
flange. Both are plugged with cotton. One contains slanted 
and sterilized Loffler's blood-serum mixture ; the other con- 
tains a steel rod, around the lower end of 
which a pledget of absorbent cotton has 
been wound and the tube afterward ster- 
ilized. Instead of this rod wrapped with 
cotton, a heavy wire loop inserted into 
a handle is sometimes employed. The 
swab is wiped over the suspected region in 
the throat, taking care that it touches noth- 
ing else, and is then rubbed over the sur- 
face of the blood-serum mixture. The 
swab is returned to its test-tube and the 
cotton plugs are returned to their respect- 
ive tubes. The plugs, of course, are held 
in the fingers during the operation, and 
care must be taken that the portion of the 
Fig. 67.-swab and V^^S that gocs into the tube touches neither 
t»^osi8 of dipl?- the finger nor any other object. The prin- 
^^^^^' ciples, in fact, are the same as those laid 

down in general for the inoculation of culture-tubes with 
bacteria (see page 62). In board of health work these tubes 
are returned to the oflice. When it is desirable, a second 
tube may be inoculated from the swab. The tubes are 
placed in the incubator, where they remain for from twelve 
to twenty-four hours, and a microscopical examination is 
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"then made of emear-preparations stained with Loffler's 
methylene-blue. On Loffler's blood-serum kept in the in- 
<jubator the bacillus of diphtheria grows more rapidly than 
the other organisms which are ordinarily encountered in 
' the throat, a property which to a certain extent sifts it out, 
AS it were, from them, and makes its recognition with the 
microscope easy in most cases. The growth, furthermore, is 
quite characteristic, and its nature can be predicted with con- 
siderable accuracy, even without microscopical examination, 
by one who has had much practice. Colonies of streptococci 
frequently look very like those of the bacillus of diphtheria, 
but these two are easily distinguished from each other with 
the microscope. The diagnosis of the diphtheria bacillus, 
then, is made from the character of the growth upon blood- 
serum and the microscopical examination, taking into ac- 
count the size and shape of the bacilli, with the frequent 
occurrence of irregular forms and the peculiar irregularities 
in staining. 

The very large number of examinations, that have been 
made by various boards of health, have shown that pseudo- 
membranous inflammations of the throat are sometimes 
caused by streptococci alone. They have also shown that 
the diphtheria bacillus may persist in the throat for a long 
time, occasionally several weeks after the patient has ap- 
parently recovered ; also that diphtheria bacilli are occasion- 
ally found in the throat when there is an inflammatory con- 
dition without any pseudo-membrane, and that they some- 
times appear in an apparently healthy throat, especially in 
children who have been associated with cases of diphtheria. 
It has been found that bacilli sometimes occur in the throat 
which have all the morphological and cultural properties of 
the diphtheria bacillus, but which are devoid of virulence 
when tested upon animals. Such diphtheria bacilli have 
sometimes been called pseudo-diphtheria bacilli. American 
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writers are disposed to regard them as being genuine diph- 
theria bacilli whose virulence has become attenuated, and 
prefer to give the name pseud<hdiphtheria bacillus to an or- 
ganism which resembles the genuine diphtheria bacillus in 
some respects, but having distinct morphological and cul- 
tural peculiarities of its own which enable it to be recog- 
nized. 

"The name pseudo-diphtheria bacillus should be con- 
fined to bacilli which, although resembling the diphtheria 
bacillus, differ from it not only by absence of virulence, 
but also by cultural peculiarities, the most important of the 
latter being greater luxuriance of growth on agar and the 
preservation of the alkaline reaction of bouillon cultures. 
The pseudo-diphtheria bacillus may render bouillon cultures 
acid in forty-eight hours when grown anaerobically. The 
pseudo-diphtheria bacillus in this sense was found in a 
number of cases, but not frequently. It is probably of dif- 
ferent species from the genuine diphtheria bacillus, and is 
without diagnostic importance." (Welch.) 

The diphtheria bacillus is pathogenic to animals. When 
it is injected int5 them it produces a toxemia. In the 
guinea-pig, which is especially susceptible, local inflamma- 
tion results, and death occurs usually in two or three days. 
The bacilli are found to be confined to the vicinity of the 
wound, and not usually to be disseminated throughout the 
whole body. The death of the animal, therefore, is due to 
the poisons elaborated by the diphtheria bacilli — either 
poisons introduced at the original injection, or substances 
produced by the bacilli which may have multiplied in the 
animal's body. The internal viscera, especially the liver, 
often exhibit small areas consisting of necrotic cells; a 
transudation of serum takes place in the great serous cavi- 
ties, and the lymph-nodes are swollen. A genuine diph- 
theritic membrane may be produced on the trachea of a 
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young kitten by rubbing into it a part of a culture of the 
diphtheria bacillus. 

As is well known, the pseudo-membranous affection 
produced by the diphtheria bacillus in man is generally 
seen in the larynx and pharynx. Membranous rhi- 
nitis is also caused by the diphtheria bacillus. On the 
other hand, pseudo-membranous affections of the larynx and 
pharynx. may be produced by streptococci. Pseudo-mem- 
branes occurring in the throat during scarlet fever and 
measles may be due to the diphtheria bacillus, but are more 
often caused by streptococci. The affection known as 
membranous croup is usually diphtheria of the larynx, pro- 
duced by the diphtheria bacillus. Although the uninjured 
skin is not attacked by the diphtheria bacillus, it may be 
present in pseudo-membranes on wounded surfaces, usually 
in connection with diphtheria in the throat. Most pseudo- 
membranes formed upon wounds of the skin are produced 
by other bacteria than the diphtheria bacillus, as is also the 
case with the pseudo-membranous inflammations of the in- 
testines and bladder. Although such inflammations are 
often called " diphtheritic," it must be remembered that the 
expression is used in an anatomical sense, meaning that a 
fibrinous pseudo-membrane has formed, extending deeply 
into the tissues, which is not necessarily caused by the 
diphtheria bacillus. 

In cases of diphtheria in man, the diphtheria bacillus is 
generally found limited to the vicinity of the pseudo-mem- 
brane, and at autopsies it has rarely been found in the in- 
ternal viscera, excepting in the lungs, where diphtheria 
bacilli may or may not be present when diphtheria is com- 
plicated with broncho-pneumonia. The general symptoms 
of the disease, including the paralysis which sometimes 
follows it, are due to the toxins produced by the bacilli in 
the throat. 

Concerning the u se of antitoxins in diphtheria, see page 148. 
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Bacillus tuberculosis. — A slim bacillus 1.5 to 4 ;t£ in 
length, which very frequently presents a beaded appearance, 
owing to its being dotted with bright, shining spots. Branch- 
ing forms have been described, but they certainly occur very 
rarely. It is not motile. It has not been proved that 
spores are formed; nevertheless certain structures, like 
caseous lymph-nodes, have been shown to be capable of in- 
fecting guinea-pigs with tuberculosis, although tubercle 
bacilli could not be demonstrated in them with the micro- 
scope. This makes it seem possible that the organisms 



Fig. 68.— Bacillus tuberculosis, from a pure culture. (Frankel and Pfeiflfer.) 

were present as spores which eluded the microscopical ex- 
amination. The tubercle bacilli stain with the ordinary 
aniline dyes and by Gram's method. As has already been 
stated, when stained with aniline-water dyes or carbol- 
fuchsin they are not readily decolorized by acids and alco- 
hol, which fact distinguishes them from all other known 
bacteria excepting the leprosy bacillus, the bacilli of 
smegma, and possibly the bacillus of syphilis (Lustgarten). 
(See pages 29 and 122.) According to recent researches of 
Koch, the tubercle bacilli owe their peculiar staining proper- 
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ties to fatty acids contained in the bodies of the bacilli. In 
stained preparations the bacillus usually appears very dis- 
tinctly beaded, owing to the presence of stained areas which 
alternate with unstained areas ; these unstained areas are 
considered by some to be spores. 

The bacillus tuberculosis is aerobic and facultative anae- 
robic. It is cultivated with considerable diflBiculty, best at 
about 38° C. It does not grow at a temperature below 
29° C, and cannot therefore be cultivated upon gelatin. 
It grows best upon blood-serum, where the growth becomes 
visible in from ten to fourteen days in the incubator. It 






\ 



Fig. 69.— Bacillus tuberculosis in sputum, stained with fticbsin and methylene-blue. 

(von Jaksch.) 

forms a dry, mealy, scaly mass, elevated above the surface, 
of a grayish-brown color. It also grows upon glycerin- 
agar ; or glycerin-bouillon, on which it forms a pellicle ; 
upon potato ; and upon milk containing 1 per cent, of agar. 
It can be cultivated from tuberculous sputum only with 
very great difficulty. It is best to obtain it from the tissues 
of an animal that has died of tuberculosis, where the tuber- 
cle bacilli may be found unmixed with other bacteria. Pieces 
of tissue should be taken with the precautions necessary to 
avoid contamination, and should be broken up and rubbed 
over the surface of the medium. The tubes must be closed 
with sealing-wax or covered with rubber caps, to prevent 
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drying in the incubator (Fig. 23). If rubber caps are used 
they should first be left in 1-1000 bichloride of mercury for 
an hour, and the cotton plug should be burned before 
putting on the rubber cap. A number of tubes should be 
inoculated, using rather large particles of the tuberculous 
material. Among the tubes inoculated, many will fail to 
present any growth. After the organism has once been 
grown upon a culture-medium it may be propagated with 
less diflBiculty. It is best cultivated the first time upon 
blood-serum. 

It is killed by 5 per cent, solution of carbolic acid in a few 
minutes. In sputum it is destroyed in twenty-four hours 
by a 3 per cent, solution of carbolic acid. It resists desic- 
cation for months, but is killed in some hours by direct 
sunlight. It is destroyed in a few minutes by boiling. 

It is not known to grow outside of the animal body. It 
is the cause of tuberculosis in man. It produces tubercu- 
losis in apes, cows, sheep, horses, rabbits, guinea-pigs, cats, 
field-mice, and occasionally in other animals. Guinea-pigs 
and rabbits are extremely susceptible. A guinea-pig inocu- 
lated with tuberculous sputum (provided it does not die of 
septicemia, due to the pyogenic micrococci which are fre- 
quently present in sputum) will present a swelling of the 
neighboring lymph-nodes in the course of two to four weeks, 
and will die as a rule in from four to eight weeks, although 
the time may be longer. 

The lesion produced by the tubercle bacilli in the tissues 
of men and the lower animals is called a tubercle, which 
in the beginning is a grayish-white area about the size of a 
millet-seed. In sections of the tissue young tubercles are 
found to present several different structures. Near the center, 
one or more very large cells called giant-cells occur. They 
contain several or many nuclei which are frequently arranged 
in a crescentic manner at one side of the cell. Tubercle 
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bacilli can often be demonstrated inside of the giant-cell. 
Except possibly in the very youngest tubercles, a small area 
of necrotic tissue will always be found at the center of the 
tubercle. 

Around the giant-cells and the necrotic area are seen 
large cells with distinct nuclei which resemble epithelial 
cells, and are often called epithelioid cells ; they are also 
often termed granulation cells, and represent an attempt 
at the formation of granulation tissue. But no new-formed 
blood-vessels, such as are found in granulation tissue as a 
rule, occur in the tubercle. Tubercle bacilli may also be 
found among the epithelioid cells. Outside of these epithe- 
lioid cells is another layer of small cells called lymphoid 
cells which represent leucocytes that have appeared in this 
situation as a part of the inflammatory reaction excited by 
the presence of the tubercles. The zone of lymphoid cells 
may be very indistinct or wanting. Frequently it may be 
very diiEcult to make out that the cells are arranged in 
distinct zones at all. The cells are imbedded in a matrix 
consisting of the connective tissue originally belonging 
to the part, to which some fibrin may be added. In addi- 
tion to the fact that no new blood-vessels are formed to 
maintain the nutrition of these newly-formed cells, the 
small vessels included in the tubercle and around it suflfer 
from inflammatory changes. Owing to these causes and to 
a toxic substance formed by or in the tubercle bacilli, de- 
generative changes and necrosis take place at the central 
part of the tubercle. As a result of these degenerative 
changes the center of the tubercle becomes converted into 
a dry, yellowish-white, friable mass, resembling dry cream- 
cheese. Such material is said to be caseous, and the pro- 
cess is called caseation. Prudden and Hodenpyl found 
that the injection of dead tubercle bacilli into animals pro- 
duced lesions having the histological characters of tubercles, 
but caseation did not take place. 
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The small tubercles first formed are called gray or milir 
ary tubercles. As they become larger they also frequently 
become confluent. The larger, confluent, caseous tubercles 
are often called yellow tubercle. Swollen tuberculous 
lymph-nodes of the neck are among the manifestations of 
the condition formerly known as scrofula. 

Very frequently, especially in the lungs, miliary tuber- 
cles are not formed at all, but a kind of diffuse tubercle 
tissue, in which caseation also takes place. The caseous 
masses often undergo softening. In the lungs the discharge 
of the softened material results in the formation of a cavity. 
This formation of a cavity in the lungs is frequently, if not 
usually, accompanied by secondary infection with pyogenic 
micrococci. Caseous tuberculous masses often become 
partly calcified. Very often they may be encapsulated by 
new formed fibrous or scar tissue. It is possible for tuber- 
culosis to become cured to all practical purposes by means 
of this process. Autopsies on human subjects have shown 
that such cures very often take place, especially in tuber- 
culosis of the lungs occurring over a localized area. When 
a tuberculous area has become caseous and encapsulated, 
and apparently quiescent, it is possible for it to be excited 
to renewed activity under suitable conditions, and, owing 
to the softening and the discharge of infected material into 
one of the vessels or cavities of the body, a Avide-spreading 
and rapidly fatal tuberculosis may follow. 

Tuberculosis may become disseminated throughout the 
body from a small focus as a starting-point. The tubercle ba- 
cilli may travel through the lymph-spaces and affect adjacent 
tissues, some of them reaching the nearest group of lymph- 
nodes. In tuberculosis of the lungs it is usual also to find 
tubercles in the bronchial lymph-nodes, and in tuberculosis 
of the intestines there is also tuberculosis of the mesenteric 
lymph-nodes. The disease may travel along the serous sur- 
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faces and become widely scattered throughout a cavity like 
that of the pleura or peritoneum. The bacilli may be ex- 
pelled on some mucous surface and be carried along it to 
infect some point farther on, as happens when the larynx 
becomes infected in tuberculosis of the lungs, and when in 
the same disease tuberculous sputum is swallowed and leads 
to infection of the intestines. Finally, the infected mate- 
rial may enter the blood-vessels and be swept along with 
the blood-current to become scattered generally throughout 
the body. In such cases we are likely to have general or 
acute miliary tuberculosis. Almost every organ of the 
human body may be infected by tuberculosis. Among the 
most common may be mentioned the lungs, the lymph- 
nodes, the bones, the intestines, the skin, the meninges, and 
the serous membranes. 

Infection, as far as we know, is. always to be attributed 
directly or indirectly to some preexisting case of tubercu- 
losis in man or the lower animals. The entrance into the 
body is most commonly by way of the lungs, where also 
tuberculous disease is commonest in man, going by the 
name of consumption. This is doubtless due to the prevalent 
habit of expectorating in public places. Out of fifty-six 
samples of sputum collected in street cars by Dr. W. G. 
Bissell, City Bacteriologist in Buffalo, four were tuberculous. 
In forty-eight samples taken from the floors of a public 
building by Dr. C. R. Orr, of the pathological laboratory 
of the University of Buffalo, tubercle bacilli were found 
three times. According to the researches of Nuttall, a case 
of tuberculosis may expectorate many millions of tubercle 
bacilli in the course of twenty-four hours. 

Concerning the occurrence of tubercle bacilli in cow's 
milk, see pages 117 and 119. 

Cases have been recorded in which the disease was trans- 
mitted from the mother to the child in the uterus ; how fre- 
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quently this happens is uncertain. It is usual to attribute 
gi^ater importance to an inherited tendency to tuberculosis 
than to the inheritance of the tubercle bacilli themselves. 

Tuberculin is made by concentrating a culture of tuber- 
cle bacilli grown in glycerin-bouillon to one-tenth of its 
original volume, over a water-bath, and filtering through an 
unglazed porcelain filter. It therefore represents the pro- 
ducts of tubercle bacilli. It was proposed by Koch as a 
remedy for tuberculosis, but it has not met with great suc- 
cess, and is little used as a therapeutic agent. It has been 
found, however, of great value in the diagnosis of tubercu- 
losis, especially in cattle. When tuberculin is injected into 
a tuberculous animal there results considerable general dis- 
turbance, of which the most noticeable evidence is a sud- 
den rise in temperature, while hyperemia is excited around 
the tuberculous area. In a healthy subject the injection 
produces no reaction. There is danger attending its use, 
so that its application in diagnosis is practically confined to 
cattle.. As a diagnostic measure in cattle it has been found 
accurate in the great majority of cases. Concerning tuber- 
culosis in cows, see page 117. Supposing that some cura- 
tive principle exists in the bodies of the tubercle bacilli 
themselves which could not be procured from cultures de- 
prived of their bacilli by filtration through porcelain, Koch 
has recently proposed a new form of tuberculin called 
" tuberculin R," which consists of an extract made from 
dried and pulverized living tubercle bacilli. The value of 
this new tuberculin as a remedy is at least doubtful, and 
physicians are disposed to regard it with a great deal of 
caution. 

Tuberculosis of Birds — ^Fowls, ducks and other birds 
sometimes suffer from tuberculosis due to a bacillus closely 
resembling the tubercle bacillus of mammals. It has simi- 
lar staining properties. It sometimes grows in long, branch- 



Digitized by 



Google 



PATHOGENIC BACTERIA. 227 

ing forms. It differs somewhat from the tubercle bacilli of 
mammals in its cultural properties. The liver is the organ 
most often affected. Guinea-pigs are much less susceptible 
to it than to mammalian tuberculosis. Rabbits are some- 
what susceptible, though less so than to mammalian tuber- 
culosis. 

Pseudo-tuberculosis. — Guinea-pigs and other rodents 
sometimes present lesions macroscopically very similar to 
those of tuberculosis, in which, however, the tubercle bacilli 
<jannot be found. The affection appears not to be tubercu- 
losis at all, and its nature is not well understood. A specific 
bacillus has been described as the cause of this disease 
which is entirely unlike the tubercle bacillus. 

Bacillus leprae (of leprosy). — ^A slim bacillus from 4 to 
6 At in length. It is probably not motile. It is uncertain 
whether or not it forms spores. It stains by the Gram and 
the Weigert fibrin method, and it is also colored by the 
methods used for staining the tubercle bacillus. It takes 
the dye, however, more readily than the tubercle bacillus. 
In stained preparations it appears very similar to the tuber- 
cle bacillus, and resembles it in having alternate colored 
and unstained spots. Although several observers have re- 
ported success in attempts to cultivate the bacillus of lep- 
rosy, their claims have been disputed. The results of in- 
oculation into man and the lower animals of material 
coming from cases of leprosy have also been uncertain. 
The bacillus of leprosy has been found so constantly in 
the tissues of those having the disease that it is generally 
admitted to be the specific cause. The skin and the periph- 
eral nerves are the parts most affected, although other tis- 
sues and the internal viscera may be involved. A granula- 
tion tissue, forming nodules and thickenings, appears in the 
affected parts. The bacilli are found in large numbers in 
the nodules, partly outside of the cells, but mostly within 
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the cells. It is still uncertain whether or not the disease 
can be transmitted directly from one individual to another, 
in extrauterine life, or whether it can be inherited from the 
parents. 

Bacillus mallei (of glanders). — ^A slim bacillus with 
round or pointed ends, which often shows alternate light 
and dark spots in stained preparations. It is not motile. 
It probably does not form spores. It is decolorized by 
Gram's method. After staining with the ordinary aniline 



Fig. 70.— Bacillus of glanders, from a pure culture. (Frankel and Pfeiffer.) 

dyes it is easily decolorized, and on that account it is diffi- 
cult to demonstrate in sections of tissues. It is aerobic and 
facultative anerobic. It grows at the room temperature,, 
but better in the incubator. It grows slowly on gelatin, 
and does not liquefy it, or only after a long time. On agar 
it produces a moist, white growth; on blood-serum a 
yellowish or brownish growth ; blood-serum is not liquefied. 
Milk is coagulated slowly, and the reaction becomes acid. 
On potato the growth is characteristic in one or two days 
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in the incubator, becoming translucent amber-yellow, later 
a reddish-brown, while the surface of the potato becomes 
discolored. 

It is killed in five minutes by a 5 per cent, solution of 
carbolic acid, in two minutes by 1-5000 bichloride of mer- 
cury, in ten minutes by a temperature of 55° C. It may 
eurvive drying for a number of weeks. 

In the horse and ass it produces the disease known as 
glanders, which aftects the mucous membrane of the nasal 
cavity. When the skin is involved the disease goes by the 
name of farcy. In the nose, nodules appear in the mucous 
membrane which become necrotic, forming ulcers. They 
may become confluent, and may extend along the adjacent 
surfaces as far as the lungs. There is a profuse discharge 
from the nose. The neighboring lymph-nodes become in- 
volved and are swollen, and nodules may be present in the 
internal viscera. In the skin the nodes lying underneath the 
skin are called farcy-buds. Histologically the nodules con- 
sist of a granulation tissue, but they tend to break down 
rapidly, and the process in some respects is very like ordi- 
nary suppuration. 

This bacillus is pathogenic to guinea-pigs, field-mice and 
cats ; rabbits and dogs are less susceptible or only slightly 
so ; white and house-mice, rats, cattle and hogs are immune. 
Men are occasionally affected, especially those who have 
come in contact with horses. The mucous membrane of 
the nasal cavity may be the part involved, or the skin, or 
the internal viscera. 

The diagnosis of the disease is best effected by the inocu- 
lation of a male guinearpig with the material from a case 
suspected of being glanders, introducing it into the peri- 
toneal cavity. In about two to five days there appears a 
characteristic swelling of the testicle indicating the begin- 
ning of suppuration, which presently takes place ; the ani- 
mal usually dies after two or more weeks. 
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Mallein is a product obtained from an old glycerin- 
bouillon culture of the bacillus mallei. The cultures are 
placed in a steam sterilizer for several hours, and are fil- 
tered through unglazed porcelain. The filtrate contains 
the products of the growth of the bacillus mallei and is of 
much the same character as tuberculin. Injected into ani- 
mals suspected of having glanders, if it produces a local and 
febrile reaction, the existence of glanders is indicated. 
It is usually successful in the diagnosis of the disease in 
lower animals, especially in horses, where it has been largely 
employed. 

Actinomyces (Streptothrix actinomyces, Ray-fungus of 
actinomycosis). — The morphology of this organism is quite 
different from that of most of the bacteria. It is generally 
considered to be a bacterium of a higher type, related to 
cladothrix, or a form of fungus higher than the bacteria. 
The organism appears in the form of threads which branch 
dichotomously. These threads make radiating, interlacing 
masses, and their external ends are swollen and bulbous. 
Colonies formed in this manner, seen under moderate mag- 
nification, have a radiating appearance which has given rise 
to the name, ray-fungus. The club-shaped external ends 
are readily distinguished and the growth possesses a very 
distinctive form. This is the shape which the organism 
presents as it grows in the animal body. The club-shaped 
ends are generally regarded as a degenerative or involution 
form. Transverse divisions may be distinguished upon the 
threads. Spherical forms resembling micrococci may 
appear which may possibly be spores. The organism stains 
with the ordinary aniline dyes, by Gram's method or the 
Weigert fibrin stain. 

The fungus may be cultivated upon agar. The growth 
is not rapid. The colonies are fine, dry, elevated, irregular 
in form, becoming opaque. Bulbous ends upon the threads 
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do not usually appear in cultures. The results of the in- 
jection of these cultures into the lower animals are as yet 
uncertain. 

The disease produced by the ray-fungus is called actino- 
mycosis. It occurs in cattle, swine, horses, and occasion- 
ally in man. Infection appears to be carried by grain or 
particles of vegetable fiber which penetrate the tissue. The 
infectious material frequently enters through the mouth, 
especially in the vicinity of the teeth, but it may also occur 
through the skin or the mucous membranes. It leads to 
the formation of inflammatory, tumor-like nodules, hence 
the name " lump-jaw " given to the disease in cattle. Ne- 
crosis of the tissue takes place with the formation of an 
abscess. The pus is peculiar in containing small whitish 
particles which consist of little colonies of the ray-fungus, 
and which readily permit the disease to be diagnosed by 
the microscope. The material may be examined in the 
perfectly fresh condition without any staining. The jaw or 
its neighborhood is very frequently affected, or the disease 
may be present in other situations about the head and 
neck, and may involve the lungs, the intestines, and the 
vertebrae, ribs, and other bones. The disease is usually 
localized, but a number of areas may be affected simulta- 
neously. 

Madura disease, Madura foot, or mycetoma, is a disease 
occurring in India affecting one of the extremities, charac- 
terized by swellings, nodular deposits and abscesses. It is 
due to a fungus similar to or identical with the ray-fungus 
of actinomycosis. There appear to be several varieties or 
species nearly related to actinomyces. 

Bacillus typhi abdominalis (Bacillus of Eberth). — A 
bacillus with rounded ends, varying in length, sometimes 
making very short, oval forms, sometimes growing out into 
long threads. It is very actively motile, and possesses nu- 
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merous flagella which arise from all parts of the surface. 
It probably does not form spores. It is not stained by 
Gram's method, but it may be colored with the ordinary 
aniline dyes, when the stain will frequently be somewhat 
irregular. It may be stained in sections of tissues from 
cases of typhoid fever, with the aniline dyes, such as L5f- 
fler's alkaline methylene-blue. It is aerobic and facultative 
anaerobic. It grows at ordinary temperatures, better in 



Fig. 71.— Bacillus of typhoid fever. Impression-preparation from a colony on a 
gelatin-plate. (Frankel and Pfeiffer.) 

the incubator, but grows rather slowly. Gelatin is not 
liquefied. Young surface colonies in gelatin appear whit- 
ish, with irregular borders and more or less wrinkled sur- 
faces. It grows on the ordinary media, and the growths 
are whitish. Bouillon is clouded. Milk becomes slightly 
acid, but is not coagulated. In media containing dextrose 
acid is formed, but no gas. In lactose-bouillon neither acid 
nor gas is formed, although when grown in milk the ty- 
phoid bacilli produce an acid reaction. The lactose-litmus- 
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gelatin or agar of Wurtz makes use of the blue tinge pos- 
sessed by colonies of the typhoid bacillus on this medium 
to distinguish them from colonies of the colon bacillus and 
other bacteria which form acids from lactose. In Dunham's 
peptone solution indol is not formed, as a rule. On potato 
it usually forms what is called an invisible growth; that is, 
although no development is apparent to the eye, numerous 
bacilli may be shown under the microscope in smear prep- 
arations made from the surface of potato inoculated about 



Fig. 72.— Bacillus of typhoid fever, stained by Loffler's method to show fiagella. 
(Frankel and Pfeiflfer.) 

forty-eight hours previously. Occasionally a slight visible 
growth is seen on potato. 

The typhoid bacillus is killed at 60° C. in ten minutes. 

Upon the medium of Eisner (see page 59), which has 
been recommended for the isolation of the typhoid bacillus 
from substances containing a mixture of bacteria, especially 
feces and water, the development of the typhoid and colon 
bacilli is favored, while that of the other bacteria is more 
or less inhibited ; the colonies of the typhoid and colon ba- 
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cilli are easily recognized under the low power of the 
microscope. 

A new medium has recently been suggested by Hiss for 
the isolation of the typhoid bacillus. It consists of gelatin 
and agar, beef-extract, sodium chloride and dextrose, and 
is given a slightly acid reaction. These substances are used 
in different proportions for plate- and for tube-cultures. 
This medium is of a semi-solid character, and makes use 
of the great motility of the typhoid bacillus in producing a 
uniform clouding of the medium in tubes, with the absence 
of gas formation ; while in plate-cultures the colonies exhibit 
peculiar filamentous outgrowths. It is claimed that it can 
be determined whether organisms are typhoid bacilli or not 
after thirty-six hours in the incubator. 

M. W. Richardson has recently devised an application of 
the " Widal " serum-test to plate-colonies suspected of con- 
taining typhoid bacilli. If a typhoid colony be torn with a 
needle, under moderate magnification " a seething motion 
resembling much the appearance of a swarm of bees " may 
be seen. This appearance is due to the motility of the bac- 
teria. If such a colony be touched with a small quantity 
of blood-serum from a case of typhoid fever, the motion is 
said to cease instantly and almost absolutely. Colonies of 
other motile bacteria do not undergo a corresponding loss 
of motility. 

For a comparison of the properties of the bacillus of ty- 
phoid fever and the bacillus coli communis, see the latter. 

Concerning the detection of the bacillus of typhoid fever in 
water, see page 113. 

The Widal Serum-Test for Typhoid Fever. 

When a small quantity of a culture of typhoid bacilli is 
mixed with a little blood-serum derived from a case of ty- 
phoid fever, within a few minutes the motility of the typhoid 
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bacilli is abolished and they become agglutinated into 
clumps or masses. This reaction does not take place with 
the blood-serum of healthy persons or of those suffering 
with other diseases, nor when the blood-serum of a typhoid 
fever case is mixed with motile bacteria other than typhoid 
bacilli. It has been observed in the blood-serum of an in- 
fant born while the mother was convalescing from typhoid 
fever. 

The agglutinating substance has been found in blister- 
serum and in the milk of typhoid cases, in fluids from the 
serous cavities and inflammatory and edematous areas in 
variable amounts, and occasionally in urine, bile and tears. 

The reaction may be obtained by adding blood-serum to 
a young bouillon-culture of typhoid bacilli kept in the in- 
cubator, when the occurrence of agglutination becomes 
manifest by the collection of the bacteria into visible masses 
or flocculi, which form a sediment. Most investigators pre- 
fer to watch the results under the microscope, using an or- 
dinary slide, or, better, the hanging-drop. Young cultures — 
less than twenty-four hours old — ^in bouillon, and kept in 
the incubator, are to be used. Johnston and McTaggart 
recommend cultures of attenuated virulence for use with 
the dry-blood method (see below). Cultures on agar, also 
freshly made, may be employed, mixing a little of the 
growth with bouillon at the time of using. 

Blood-serum, blister-serum, fresh blood and dried blood 
have all been tried with success. Blood dried on paper or 
cover-glasses as proposed by Wyatt Johnston is extremely 
convenient. To perform the test, it is mixed with sterilized 
distilled water; the objection to it lies in the difficulty of 
securing an accurate dilution. The New York Board of 
Health have found blister-serum satisfactory and easy to 
obtain. A little of the serum is mixed on the cover-glass 
with a definite amount of the fresh bouillon-culture, and is 
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examined as a hanging-drop. In a short time the charac- 
teristic clumping and loss of motility occur. At the same 
time a drop of the culture alone, and a drop of the culture 
mixed with normal serum, similarly diluted, should be ex- 
amined as controls. The dilutions used vary from 1 part 
of serum in 10 to 1 in 50. The time within which the re- 
action occurs varies from fifteen minutes to one or two 
hours. With little dilution the time should be shorter; 
with greater dilution it may be longer. Both clumping and 
paralysis of motility should take place. In a positive case 
the reaction should be distinct. Normal blood sometimes 
exhibits agglutinative properties in some degree. If the 
reaction in any case is not satisfactory it should be tried 
with a higher dilution, 1 to 50, and the result should be 
positive if the case is a genuine case of typhoid fever. 

The reaction is usually present about the seventh day of 
the disease; it maybe seen earlier; it is often delayed and 
appears later. The test frequently has to be repeated when 
the first result is doubtful or negative. 

Cabot collected 1826 cases supposed to be typhoid fever 
in which the result of the serum test was confirmed in 95.2 
per cent., and 1649 cases that were not typhoid, for which 
the reaction was negative in 96.5 per cent. 

The agglutinating power becomes lessened after recovery, 
and usually is wanting at the end of a year. Rarely it may 
be present for a longer time, a fact that is to be borne in 
mind in diagnosis. 

Tj^hoid bacilli have frequently been obtained from the 
stools of cases of the disease, but they are isolated only with 
considerable difficulty. The methods of Eisner and others 
have already been described. At autopsies they are best 
cultivated from the spleen, in which, however, it is to be 
remembered, the bacillus coli communis may also be pres- 
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ent. Puncture of the spleen with a sterilized hypodermic 
needle, during life, has also been resorted to as a means of 
diagnosis. The drop of fluid withdrawn may be examined 
by culture-methods for typhoid bacilli. There is probably 
some danger to the patient attending this procedure. 
Typhoid bacilli have been found in urine and the examina- 
tion of urine for them has been used in diagnosis. 

Inoculation experiments in animals have not been very 
satisfactory. With a few exceptions, possibly, anatomical 
lesions resembling those of typhoid fever have not been 
produced by the inoculation of typhoid bacilli into animals. 
The injection of cultures into animals may produce death, 
but it can usually be shown to result from the poisons con- 
tained in the cultures. 

Typhoid fever is rare during the first two years of life. 
It frequently attacks young and robust men. The causes 
that bring about susceptibility to infection are not known. 

The principal lesion in typhoid fever lies in the Peyer's 
patches of the lower part of the small intestines ; the mes- 
enteric lymph-nodes and spleen also are swollen. The 
typhoid bacillus may be demonstrated in sections of the 
walls of the diseased portions of the intestine. Cases are 
recorded in which no lesions were found in the intestines 
but where the typhoid bacilli were widely spread through 
the organs of the body, and which therefore represented 
typhoid septicemia. 

Periostitis and osteomyelitis, which are not uncommon 
sequellse of typhoid fever, may be caused by typhoid ba- 
cilli. Ordinary suppuration may be produced by the typhoid 
bacillus, but most suppurative affections during or follow- 
ing typhoid fever are mixed infections, or are due to the 
ordinary pyogenic bacteria. 

Bacillus coli communis (Bacterium coli commune of 
Escherich, probably the same as Bacillus Neapolitanus of 
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Emmerich, often called simply the colon bacillus). — A bacil- 
lus with rounded ends, frequently of a short, oval form, when 
it may be difficult to distinguish from micrococci ; often 
longer; often forming threads. It is slightly motile, having 
several flagella. It does not form spores. It stains with 
the ordinary aniline dyes and is decolorized by Gram's 
method. It is aerobic and facultative anaerobic. It grows 
well at the room temperature, but more rapidly in the 
incubator. It does not liquefy gelatin. In gelatin-plates 
the surface colonies are of a bluish-white color ; the cen- 



FiG. 73.— Bacillus coll communis. Impression-preparation from a colony on a gelatin- 
plate. (In comparing this photograph with that of the typhoid bacillus it must be re- 
membered that Fig. 71 is much more highly magnified.) 

ters are denser than the borders, which are translucent. 
It usually grows more rapidly in gelatin than the bacillus 
of typhoid fever. Its growths in other media are mostly 
whitish. Bouillon becomes clouded. In peptone solution it 
forms indol. On potato it forms an abundant visible growth, 
from cream-color to brown. Milk becomes acid and is 
usually, but not always, coagulated slowly. It causes the 
development of gas and acid in media containing dextrose, 
lactose, or saccharose. Differential points between the ba- 
cillus of typhoid fever and the bacillus coli communis are as 
follows : 
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Ist. The typhoid bacillus is actively motile; the colon 
bacillus less actively, or slightly motile. 

2d. The typhoid bacillus has numerous flagella which 
rise from all parts of the surface ; the colon bacillus has a 
smaller number of flagella. 

3d. In both, spore formation is absent. 

4th. Both are decolorized by Gram's method. 

5th. The colonies of the typhoid bacillus in gelatin de- 
velop more slowly than those of the colon bacillus. 

6th. The appearance of superficial colonies in gelatin- 
plates. 

7th. In media containing sugars the typhoid bacillus does 
not produce gas and the colon bacillus does produce gas. 

8th. The typhoid bacillus produces an acid reaction with- 
out coagulation in milk, and the colon bacillus produces an 
acid reaction and coagulation. 

9th. In peptone solutions the typhoid bacillus produces 
no indol, and the colon bacillus produces indol. 

10th. The typhoid bacillus produces an invisible growth 
on potato, the colon bacillus a visible growth. 

To these may be added the growth of the two organisms 
on special media like those of Wurtz, of Eisner and of Hiss, 
and the application of the serum reaction. 

Injections of cultures of the bacillus coli communis into 
animals produce variable and uncertain results. Subcuta- 
neous injection may lead to pus-formation; in rabbits and 
guinea-pigs injections may produce death apparently from 
poisons introduced. 

Concerning the occurrence of the bacillus coli communis 
in the intestine of man, see page 123. 

At autopsies on human subjects the great viscera are 
often found to have been infected by the colon bacillus, 
usually when some lesion of the intestine existed simul- 
taneouely, but in most cases without having produced much 
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apparent damage to the organs invaded. The bacillus coli 
communis frequently occurs in mixed infections, as in 
wounds, inflammations and abscesses. It is often found in 
the peritoneum in peritonitis, and in the pus in appendicitis ; 
it frequently occurs in the interior of gall-stones, with whose 
formation it may be connected. 

There is a large number of more or less closely-related 
organisms which go by the name of the " colon groupJ^ 
The limits of the colon group are extremely ill-defined. 

Bacillus lactis aerogenes (Bacillus aerogenes). — ^A ba- 
cillus having a form similar to that of the colon bacillus, 
described as being larger and plumper. In ih^ main its 
properties are similar to those of the colon bacillus. Its 
colonies are more circumscribed and elevated. It is said 
also to be non-motile. It coagulates milk more rapidly 
than the colon bacillus. It produces gas upon potato 
more rapidly than the colon bacillus, and more abundantly. 
It was described by Escherich, who also described the colon 
bacillus, assigning the bacillus lactis aerogenes rather to the 
upper part of the small intestine, and the colon bacillus to 
the lower portion. According to Kruse, the bacillus lactis 
aerogenes and its relatives differ from the bacillus coli com- 
munis chiefly in lacking motility. 

Spirillum cholerse (Comma bacillus of cholera). — A rod- 
or staff-shaped organism, somewhat curved, hence the name 
" comma " bacillus. The curved forms, placed end to end, 
may produce an S-shaped body. The length is from .8 to 
2 At and the breadth from .3 to .4 At. In cultures, genuine 
spirilla may be seen. In the whitish particles found in the 
stools of cases of cholera the organisms may be present in 
very large numbers. In these particles they may exhibit a 
very curious arrangement, lying parallel with one another, 
and, as remarked by Koch, they resemble a school of fish 
moving up stream. Involution forms, irregular in outline 
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and staining poorly, are often seen in old cultures. The 
organism is motile, having a flagellum at one end. It does 
not form spores. It stains with the ordinary aniline dyes, 
but not by Gram's method. It is aerobic. It grows at the 
room temperature, but better in the incubator. On the or- 
dinary media the growths are whitish. It grows best on 
neutral or alkaline media, and is very sensitive to a small 
amount of acid. It liquefies gelatin. The colonies on 
gelatin-plates have a very characteristic appearance. They 



Fig. 74.— Spirillum of cholera, from a culture on starched linen. (Frankel and PfeifTer.) 

are nearly round at first, and granular as seen under the 
low power of the microscope; but at the end of about 
twenty-four hours the outline is slightly irregular, and the 
surface looks as though it were covered with finely-broken 
glass. The outline later becomes still more irregular or 
scalloped. As liquefaction of the gelatin takes place a fun- 
nel-shaped depression is formed, into which the colony 
sinks. The plates should be kept at a temperature of from 
20° to 22° C. In stab-cultures in gelatin a white growth 

21 
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forms around the stab, and at the end of about thirty-six 
to forty-eight hours a funnel-shaped depression occurs at 
the surface, owing to the liquefaction of the gelatin. This 
depression increases in size, and the surface of the liquefied 
gelatin seems to be surmounted by an air-bubble, which 
appears to have taken the place of the part of the fluid 
gelatin which has evaporated. In the deeper portion of the 
stab liquefaction is less noticeable. The growths on agar 
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Fig. 75.— Spirillum of cholera, colonies on gelatin-plates. Magnified 100 to 150 times, 
a. Twenty-four hours old. 6. Thirty hours old. c. Forty-eight hours old. (Frfinkel 
and Pfeiffer.) 

are not characteristic. In bouillon a pellicle forms on the 
surface. On potato in the incubator the growth is whitish 
or brownish, not conspicuously elevated. Milk kept in the 
incubator becomes acid in from thirty-six to forty-eight 
hours, and is finally coagulated. After growing it in Dun- 
ham's peptone solution in the incubator, the addition of 
sulphuric acid develops a red color, owing to the formation 
of indol and nitrites, the so-called " cholera red " reaction. 
The spirillum of cholera is said to be very sensitive 
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to drying, and, provided the drying be complete, is usually 
killed within twenty-four hours. It is killed in five min- 
utes at a temperature of 65° C. It may retain its vitality 
in water for a long time; observations vary widely in 
respect to determining how long. In the ordinary food- 
substances it may survive long enough to allow them to 
act as carriers of the infection if eaten raw. The im- 
portant fact is that the cholera spirillum is not a strict 
parasite, but under favorable conditions it 
may maintain its vitality for some time out- 
side of the human body. 

The animals ordinarily used for labora- 
tory experiment are, in their normal condi- 
tion, not susceptible to infection with the 
spirillum of cholera through the alimentary 
canal, and no animal is known which suffers 
from cholera excepting man, though a dis- 
ease resembling cholera can be reproduced 
in animals when certain conditions are com- 
plied with. In particular it is necessary to 
avoid the influence of the acid gastric juice. 

The followinff plan was adopted by Koch : 

_, ... T 1 . 1 Fig. 76.— Spirillum 

The ffastric mice wias neutrahzed with a of cholera, stab-cui- 

C7 V tiiffi ill fiTfilflitiin two 

solution of sodium carbonate; the movements aS5Vfe?ffer.\^'^'^^^^ 
of the intestines were quieted by the injec- 
tion of 1 c.c. of tincture of opium for each 200 grams of the 
body-weight ; and a portion of a pure culture of the cholera 
spirillum was introduced into the stomach. When guinea- 
pigs were treated in this manner, in most cases a condition 
closely simulating cholera was produced. The animal died 
with symptoms of collapse. The small intestine contained 
a watery, flocculent fluid in which the spirilla of cholera 
were numerous. The mucous membrane of the intestine 
was swollen and reddened. 
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When mice or guinea-pigs receive an intra-peritoneal in- 
jection from a pure culture, death usually results, apparently,, 
from the toxic substances contained in the culture. Pfeiffer 
has shown that by repeated doses, insufficient to kill the 
animal, of cultures whose vitality has been destroyed by 
heat or otherwise, the animal may be made immune. He 
has also shown that when living comma bacilli are intro- 
duced in the peritoneum of an immune animal they are 
rapidly destroyed and disintegrated (see page 146). He 
has advised the use of this reaction as a means of diagnosis, 
inasmuch as the spirilla which apparently resemble the 
spirillum of cholera, but are in reality different from it, do 
not become disintegrated when they are introduced in the 
peritoneum of an animal made immune to the spirillum of 
cholera. There is reason to think that blood from animals 
immune to the spirillum of cholera has an agglutinating 
action upon those bacteria like that seen when the blood- 
serum of cases of typhoid fever is mixed with living 
typhoid bacilli. 

Although a positive demonstration that the spirillum of 
Koch is the cause of cholera is lacking, as far as the exact 
reproduction of the disease in animals is concerned, the 
necessary proof has been supplied by the accidental or 
intentional infection of laboratory investigators who were 
working with cholera, which has been known to occur on 
several occasions. 

Bacteriological investigations of the victims of cholera 
have shown that the spirilla of cholera are present in very 
large numbers in the watery contents of the intestine, espe- 
cially early in the disease. They appear in the lumina of 
the glands, and they may be seen underneath the epithelial 
cells. They may occur in the matters vomited. They 
usually are not found widely spread through the organs of 
the body. It is probable that the symptoms of the disease 
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result from poisonous substances produced by the spirilla 
or contained in them. 

The infection of cholera is usually transmitted through 
water, and numerous epidemics have been studied where 
the infection was traced to drinking-water, and the origin 
of the contamination was discovered. The infection may, 
however, be carried by other articles of food, and may be 
conveyed occasionally through contaminated clothing and 
bedding, and probably by flies. Although commoner in 
the summer-time, epidemics of cholera have been known 
to occur in the winter. 

Bacteriological Diagnosis of Cholera. — ^When cases suspected 
of being cholera appear in a community, it becomes a matter 
of the utmost importance to determine the exact nature of the 
disease in order that it may not become epidemic. One of the 
first occasions when bacteriological methods were put into 
practice in the diagnosis of cholera was at the time of the 
appearance of that disease in the Port of New York in 1887. 

According to Koch, the diagnosis may be made in twenty- 
four hours or less. It is important to obtain the discharges 
from the intestines as early in the course of the disease as 
possible, and while they are perfectly fresh. It may be nec- 
essary, however, to examine the moist dejecta on the linen 
or clothing, when no other material is available. 

In the first place, one of the small, partly-solid particles 
which may be found in the discharges from the intestines 
should be smeared upon a cover-glass, fixed in the usual 
manner, stained with one of the aniline dyes, and examined 
with the microscope. If taken early in the disease, the 
comma bacilli will be present in large numbers, and they 
are likely to be arranged in more or less parallel groups 
(see above). If comma-shaped bacilli are found, a strong 
probability is created that the disease is Asiatic cholera. 
The motility of the organisms can be determined by ex- 
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amination in the hanging-drop. It is to be remembered 
that spirilla of various forms are common in the normal 
mouth, and may appear in the stools (see pages 121 and 177). 

The diagnosis, however, should be confirmed by the use 
of culture-methods. Using the small, semi-solid particles 
Ifrom the intestinal discharges, gelatin-plates in the usual 
three dilutions (see page 74) should be made and kept at a 
temperature of 20° to 22° C. At the end of twenty-four 
hours or less the colonies of the spirillum of cholera should 
have been developed and should present the picture char- 
acteristic for these colonies in gelatin-plates (Fig. 75), which 
enables them to be difterentiated from colonies of other bac- 
teria. From one of these colonies, preparations may be made 
for microscopic examination, and a set of tubes may be inocu- 
lated. The most characteristic growth will be from stick-cul- 
tures in gelatin. The growth in Dunham's peptone solution 
may be tested for the development of indol and nitrites. 

At the time that the first smear preparations and gelatin- 
plates are prepared, tubes of peptone solution should be 
inoculated directly from the intestinal contents, and kept 
in the incubator (Schottelius). After development has oc- 
curred, the production of indol may be tested by the addi- 
tion of sulphuric acid. These tubes are especially valuable 
when unfavorable material or when material containing small 
numbers of the spirilla is used. In the incubator the spirilla 
may be expected to multiply in the peptone solution rapidly, 
and to appear upon the surface of the liquid in large numbers, 
even forming a visible film in six hours. Smears may be 
made from the surface part of these tubes, stained, and ex- 
amined with a microscope. From the same material gel- 
atin-plates should be prepared, and examined as soon as 
the colonies develop. 

When cultures are obtained, their effects may be tested 
upon guinea-pigs by injecting them into the peritoneum. 
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The reaction described by PfeifFer as resulting from the 
injection of cholera spirilla into the peritoneum of immune 
animals has been recommended as an additional means of 
diagnosis between the cholera spirillum and related forms. 

In the examination of water for the spirillum of cholera, 
to 1 liter, or more, of water, add enough of a strong pep- 
tone solution to make it contain 1 per cent, peptone and 
.5 per cent, sodium chloride. (The strong peptone solution 
contains 20 per cent, peptone and 10 per cent, sodium 
chloride; is alkaline and sterile.) The water, with the 
peptone in it, is divided among a number of sterilized 
flasks. After twelve hours in the incubator, any vibrios in 
it are likely to have multiplied and to have formed a scum 
on the surface, which may be investigated for the char- 
acteristics of the spirillum of cholera according to the 
methods given above. See also page 113. 

Since Koch's discovery of the cholera spirillum in 
1883—84 a considerable number of bacteria have been 
described which resemble the cholera spirillum more or 
less closely, and which have to be taken into account in 
making examinations of material of any sort for it. This 
is particularly necessary in the investigation of water, in 
which such spirilla seem to occur quite frequently. 

Vibrio Metschnikovi. — A comma-shaped organism, 
which though somewhat shorter and thicker may be very 
similar to the comma bacillus of cholera in form, and which, 
like it, may sometimes form genuine spirilla. It is motile 
and has a flagellum at one end. It does not form spores. 
It is aerobic. It stains with the aniline dyes, and is not 
stained by Gram's method. It grows at the room tempera- 
ture. It liquefies gelatin somewhat more rapidly than the 
spirillum of cholera. The colonies on gelatin-plates are 
not all alike ; some of them resemble those of vibrio pro- 
teus, and others are extremely like those of the spirillum of 
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cholera. It grows upon the usual media. Blood-serum is 
liquefied by it. The growth on agar is grayish to yellowish, 
and abundant. It forms a pellicle on bouillon. In milk 
an acid reaction is developed with coagulation. In peptone 
solution it produces indol and nitrites like the spirillum of 
cholera. It is said to lead to the production of indol more 
intensely than the spirillum of cholera. 

It is killed by a temperature of 50° C. in five minutes. 
It was discovered in chickens suffering from gastro-ente- 



FiQ. 77.— Vibrio Metschnikovi, from a culture. (Frankel and Pfeiflfer.) 

ritis. It is pathogenic to chickens, pigeons and guinea- 
pigs, less so to mice and to rabbits. The comma-shaped 
organisms are found in the blood in guinea-pigs, pigeons 
and young chickens. 

Vibrio proteus (of Finkler and Prior). — A comma-shaped 
organism somewhat larger than the spirillum of cholera, 
sometimes exhibiting genuine spiral forms, and also, at 
times, involution forms. It is motile and has a flagellum 
at one end. It liquefies gelatin much more rapidly than 
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the Bpirillum of cholera, and the colonies in gelatin develop 
more rapidly. At the end of twenty-four hours the colo- 
nies are uniformly circular, larger than those of the spirillum 
of cholera, and uniformly granular. On the other culture- 
media the growths are usually whitish. On potato it pro- 
duces an abundant, moist, grayish-yellow deposit, and grows 
at the room temperature. It liquefies blood-serum ; milk 
becomes acid. In peptone solution it does not form indol. 
It is less pathogenic to animals than the spirillum of cholera. 
It was supposed by its discoverers to be the cause of cholera 
nostras, but it appears to have no relation to that disease. 

Spirillum Milleri — ^A comma-shaped organism resem- 
bling vibrio proteus in many respects, and probably identi- 
cal with it. In gelatin it grows more rapidly, and produces 
liquefaction more rapidly than the spirillum of cholera. 
On gelatin-plates, at the end of twenty-four hours, the colo- 
nies are uniformly circular and granular, lying in little 
depressions resulting from the liquefaction of the gelatin. 
Its growths in the other media are not characteristic. It 
liquefies blood-serum. It does not produce indol. It is 
less toxic to animals than the spirillum of cholera. It was 
isolated by Miller from a carious tooth. 

See also Spirillum sputigenum. Part III. 

Spirillum tyrogenum (of Deneke). — A comma-shaped 
organism not so large as the spirillum of cholera. It is 
motile, having a flagellum at one end. It does not form 
spores. In cultures, genuine spirilla may develop. Gelatin 
is liquefied more rapidly than by the spirillum of cholera, 
and the colonies develop more rapidly. The circumference of 
the colony is not perfectly round, and the surface may appear 
somewhat irregular. The colonies difl:er noticeably from the 
colonies of the cholera spirillum, in the more rapid lique- 
faction of gelatin. Milk containing litmus becomes acid, 
is subsequently decolorized, and is also coagulated. It 
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liquefies blood-serum. It is said by some investigators not 
to form indol, and by others to do so occasionally. No 
pellicle forms in cultures upon bouillon. It is less toxic to 
animals than the spirillum of cholera. It was isolated 
originally from old cheese. 

Vibrio Berolinensis. — A comma-shaped organism resem- 
bling the spirillum of cholera in form and in the position 
of its flagellum. It does not stain by Gram's method. It 
grows at the room temperature, but more rapidly in the in- 
cubator. The colonies upon gelatin, one or two days old, 
are decidedly more finely granular and more transparent 
than those of the spirillum of cholera, and the margin is 
almost absolutely smooth and circular. As the colonies 
become older they assume a more irregular and lobulated 
appearance, but are still more finely granular than the col- 
onies of the cholera spirillum. Gelatin is very slowly lique- 
fied. Its growth on the other culture-media is not remark- 
able. It forms indol in peptone solution, and it increases 
in the upper layers of the fluid. When guinea-pigs are 
inoculated in the peritoneal cavity, death occurs in one to 
two days. This organism was discovered in the water- 
supply of Berlin. 

Other spirilla have been isolated from water by Giinther 
(vibrio aquatilis in Spree water) ; by Dunbar from the Elbe 
River ; by Russell from the Gulf of Naples ; by Heider from 
the water of the Danube Canal; and in America, by Abbott, 
from the water of the Schuylkill (vibrio Schuylkiliensis) ; 
and many others have been described to which the limits 
of this work will not permit of allusion. 

The Spirillum or Spirochaeta Obermeieri (of relapsing 
fever). — ^A slim spirillum with numerous turns, 16 to 40 fi in 
length. The ends are pointed. It is actively motile. The 
spirillum is not stained by Gram's method but may be 
colored by the ordinary aniline dyes. The organism has 
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never been cultivated. It is found abundantly in the blood 
and in the spleen during the attack of fever. The spleen is 




Fig. 78.— Spirillum of relapsing fever in the blood. 

enlarged. The disease has been produced in apes by inoc- 
ulating them with blood taken from men having the disease. 
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Abb^ condenser, 19 
Abrin, 140, 145 
Abscesses, 181, 190 

metastatic, 187, 188 
Acetic acid, 98 
Accidental infection of laboratory 

workers, 103, 244 
Acid, acetic, 98 

alcohol, 28, 38, 40 

aniline dyes, 26 

boric, 162 

butyric, 98 

carbolic, 156, 97, 153, 163, 170 

formic, 98 

fuchsin, 26 

hydrochloric, 32, 40, 155, 156 

lactic, 98 

oxalic, 167 

picric, 26 

propionic, 98 

pyrogallic in cultivating anae- 
robes, 69 

rosolic, 68 
Acids, addition to bichloride of mer- 
cury solutions, 155 
to carbolic acid solutions, 156 

fatty in tubercle bacilli, 221 

formation by bacteria, 98 

in staining tubercle bacilli, 29, 
31, 32, 38, 220 
Actinomyces, 230 
Actinomycosis, 178, 231 
Ac(]^uirea immunity, 142 
Actiye immunity, 146 
Acute miliary tuberculosis, 225 
Aerobic bacteria, definition, 95 
Aerobioscope, 107 
Agar- agar, 54 

Age, relation to infections, 132 
Agglutinating substances in blood- 
serum, 147, 236 
Ahrens' method of staining tubercle 

bacilli in milk, 119 
Air, bacteria of, 105 

conveyed by, 130 
Albuminate of mercury, 154, 170 
Alcohol, acid, 28, 38, 40 

fixation of tissues by, 33 



Alcoholic solutions of aniline dyes, 

26 
Alexins, 143 

Alimentary canalj bacteria of, 121, 122 
Amebic dysentery, 127, 131 
Anaerobic bacteria, cultivation, 69 

definition, 95 
Aniline dyes, 14, 25 

as germicides, 156 
watery solutions, 26, 36 
oil, 27, 29, 37, 38 
Aniline-water solutions, 27, 28, 32, 

37, 38, 40, 220 
Animals, autopsies on, 81 
care of, 80, 81 
disposal of bodies, 82 
inoculation of, 80, 119 
Anthrax bacillus, 210 (see Bacillus of 
anthrax) 
protective inoculation, 213 
spores, 92, 151, 165, 168, 211 
Antiseptic, definition, 150 
Antitoxins, 145 

for diphtheria, 148 

pneumococcus infection, 197 
tetanus, 149 
Aqueous solutions of aniline dyes, 26, 

Argentamin, 166 

Argonin, 156 

Arnold steam sterilizer, 45 

Arrow-poisons, bacteria in, 13, 104 

Arthritis, gonorrheal, 200 

Arthrospore, 92 

Asiatic cholera (see Cholera) 

Aspergillus glaucus, 179 

Autoclave, 48 

Auto-infection, 131 

Autopsies on animals, 81 

bacteriological examinations at, 
82,84 

disinfection at, 82, 1 64 

on human subjects, 84 

Bacilli, branching forms, 89 
Bacillus, definition, 12, 88 
Bacillus acidi lactici, Hueppe, 176 
aerogenes, 240 

(253) 
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Bacillus aerogenes capsulatus, 205 
amvlobacter, 173, 124 
anthracis, 210, 103, 104, 106, 168 
buccalis maximus, 180 
butyricus, Hueppe, 174 

Prazmowski, 173 
capsule, of Pfeiffer, 201 
coli communis, 237, 113, 123, 124 

comparison with typhoid ba- 
cillus, 239 
comma of cholera {see Spirillum 

of cholera) 
cyanogenus, 176 
diphtherise, 214, 103, 115, 148 
edematis maligni, 206, 104 
erythrosporus, 176. 
fluorescens liquefaciens, 172 

putidus, 172 
Indicus, 173 
Klebs Loffler, 214 
lactis aerogenes, 240, 123 

cyanogenus, 176 
leprae, 227, 220 
mallei, 228, 103 
megatherium, 174 
mesentericus vulgatus, 174 (see 

Potato bacillus) 
mycoides, 174 
Neapolitanus, 237 
of anthrax, 210, 103, 104, 106, 
168 

blue milk, 176 

bubonic plague, 204 

diphtheria, 214, 103, 115, 
148 

Eberth, 231 

Emmerich, 238 

Escherich, 237 

Friedlander, 200 

glanders, 228, 103 

influenza, 214 

leprosy, 227, 220 

malignant edema, 206, 104 

rhinoscleroma, 201 

smegma, 122, 220 

syphilis, Lustgarten, 220 

tetanus, 208, 73, 103, 104 

typhoid fever, 231, 108, 113, 
115, 119, 147 
phlegmones emphysematosse, 206 
phosphorescens Indicus, 174 
pneumoniae, Friedlander, 200 
prodigiosus, 173, 13, 96 
proteus, 203 
pyocyaneus, 202, 166 



Bacillus pyogenes fetidus, S04 
radicicola, 105 
ramosus, 174 

subtilis, 175 (see also Hay ba- 
cillus) 
tetani, 208, 73, 103, 104 
typhi abdominalis, 231, 108, 113, 

115, 119,147 
tuberculosis, 220, 89, 106, 117, 

128, 130, 136 
tuberculosis, staining of, 29, 38, 
119, 122, 220 

in milk, 119 . 
violaceus, 173 
Bacteria, aerobic, 95 
anaerobic, 95 

cultivation of, 69 
chlorophyll, relation to, 9, 87, 

94, 100, 125 
chromo^enic, 96, 106 
cultivation of, 62, 94 
classification, 87 
definition, 11 
diseases caused by, 127 
distribution, 104 
examination with the microscope, 

20 
ferments formed by, 96 
fluorescent, 96, 172 
forms of, 88, 90 
higher, 178 
in disease, 125 
influence of electricity, 95 

oxygen, 95 

sunlight, 95 
microscopic examination, 20 
motility, 92 
multiplication, 91 
non-pathogenic, 90, 171 
number of species, 171 
nutrition of, 94 
of air, 105 

the alimentary canal, 121, 1 22 

foods, 114, 119 

the intestines, 122, 123 

ice, 114 

milk, 114 

the mouth, 121 

mucous membranes, 120 

the normal human body, 120 

the skin, 120, 166 

soil, 104 

the stomach, 123, 172 

the urethra, 121 

the vagina, 122 
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Bacteria of water, 107 
pathogenic, 90, 181 
phospnorescent, 96 
products of growth, 96 
pyogenic, 183, 184 
relation to chlorophyll, 9, 87, 94^ 

100, 126 
size, 90 
staining, 25 

in tissues, 33 
transmission by mail, 85 
vegetative forms, 91 
Bacterial products, 96, 136, 138 
Bacterium, definition, 89 

coli commune, 237, 113, 123, 

124 
syncyanum, 176 
termo, 100, 203 
ureae, 176 
Zopfii, 176 
Balsam, Canada, 25, 26, 28, 37 
Basic aniline dyes, 26 
Basophile granules, 37, 38 
Beggiatoa, 178 
Beginners, methods for, 101 
Bichloride of mercury, 153, 154, 163, 
164,167, 170 
stock solution, 155 
Biedert's method for examining spu- 
tum, 33 
Birds, tuberculosis of, 226 
Bismarck brown, 26, 28, 32 
BisselPs method for catgut, 168 
Black death, 205 
Blood-agar, 58 

-poisoning, 186 
specimens of, 83 
-serum-agar, 58, 200 

germicidal power, 143 
Loffler, 58, 216 
Marmorek, 59, 135, 192 
preparation, 57, 58 
sterilization, 47 
-test for typhoid fever, 234, 
84, 147 
Blue milk, bacillus of, 176 
Blue pus, 202 
Blue vitriol, 162 

Bodily conditions disposing to infec- 
tion, 132 
Boiling, sterilization by, 44, 169 
Borax-carmine, 39 
Boric acid, 162 
Bouillon, 51 
Branching forms of bacilli, 89 



Bread-paste, 59 

Bromine, as a germicide, 160 

Brownian movement. 23 

Bubonic plague, bacillus, 204 

Buchner's method for cultivating 

anaerobes, 69 
Butter, tubercle bacilli in, 117 

rancidity, 118 
Butyric acid, 98 

CSalcium compounds as germicides, 
160, 161 

hypochlorite, 160, 163, 164 
Canada balsam, 25, 26, 28, 37 
Capsule bacillus of Pfeiffer, 201 
Capsules of bacteria, 90 
Carbol-fuchsin, 31, 38, 220 
Carbolic acid, 156, 97, 153, 163, 170 
Carbon dioxide, 98 
Carmine, 23, 39 
Caries of the teeth, 121 
Caseation, 223 

Catgut, surgical preparation, 167 
Cedar-wood oil, 19 
Celloidin, 33 
Cells, epithelioid, 223 

giant-, 222 

pus-, 182 
Cellulitis, 183, 191 
Cellulose, decomposition by bacteria, 

97, 124, 173 
Cerebro-spinal meningitis, 197 
Certified milk, 117 
Charbon (see Anthrax) 
Cheese-poisoning, 115 
Chemotaxis, 93, 143, 181 
Chicken-pox, 127 
Chlorine, as a germicide, 160 
Chloroform, as a preservative, 57 
Chlorophyll, relation to bacteria, 9, 

87, 94, 100, 125 
Cholera, diagnosis, 245 

nostras, 249 

red reaction, 242 

spirillum, 240 (see Spirillum of 
cholera) 
Chromogenic bacteria, 96, 106 
Cladothrix, 178 
Classes in bacteriology, hints for 

teaching, 102 
Classification of bacteria, 87 
Clostridium, definition, 92 
Clostridium butyricum, 173 
Coccus, definition, 11, 88 
Collodion, 33 
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Colon bacillus, 238 (see Bacillus coli 
communis) 

contrasted with typhoid ba- 
cillus, 239 
Colon group, 204, 240 
Colonies of bacteria, 74, 78 
Comma bacillus of cholera, 240 (see 

Spirillum of cholera) 
Comma-shaped bacteria, 88, 89 
Condenser, Abb^, 19 
Conidia, 180 

Conjunctivitis, gonorrheal, 200 
Consumption, 225 
Contagious disease, definition, 126 
Contrast-stains, 26, 28, 30, 32, 39 
Copperas, 162 
Comet forceps, 24 

Corrosive suolimate (see Mercury bi- 
chloride) 
Cotton plugs for tubes, etc., 60 
Cover-glasses, 23 
Cover-glass forceps, 24 

preparations, 24 
Cover-sbp preparations, 24 
Cow-pox, 144 
Cream, ripening, 118 
Creolin, 166 
Cresol, 156 

Croup, membranous, 219 
Cultivation of anaerobic bacteria, 69 

bacteria, 62, 94 
Culture-media, definition, 14 

preparation, 51 

sterilization, 44, 47, 48, 50 
Cultures at autopsies, 82, 84 
from blood, 84 
destruction of, 76, 103 
Cutting of sections, 35 
Cupric sulphate, 162 

Delafield's hematoxylin, 39 
Deneke's spirillum, 249 
Dental caries, 121 
Deodorizers, 150 
Dextrose, 52 
-agar, 55, 99 
-bouillon, 52, 99 
media for anaerobes, 69 
Diagnosis of cholera, 245 

diphtheria, 216, 192 
glanders, 229, 230 
gonorrhea, 199 
meningitis, cerebro-spinal, 

198 
pneumonia, 196 



Diagnosis of tuberculosis, 220, 226 

typhoid fever, 233, 234, 237, 
239 
Diphtheria, 191, 217 
antitoxin, 148 
bacillus, 214, 103, 115, 148 

staining, 27, 28, 214 
diagnosis, 216, 192 
toxin, 140, 148, 219 
Diphtheritic inflammation, 191, 219 
Diplococcus, definition, 88 

intracellularis meningitidis, 197 
of pneumonia, 194 (see Micro- 
coccus lanceolatus) 
Disease, bacteria in, 125, 136 
Diseases caused by bacteria, 127 

probably due to microorganisms, 
127 
Disinfectant, 150 
Disinfection at autopsies, 82, 164 
of cultures, 103, 76 
dejecta, 163 
hands, 166 
houses, 164 
sputum, 163 
stools, 163 
test-tubes, 103, 76 
urine, 163 
surgical, 166 
Distribution of bacteria, 104 
Drainage-tubes, surgical preparation, 

169 
Dressings^ surgical preparation, 169 
Drying, influence on bacteria, 92, 

Dunham's peptone solution, 58 
Dyes, aniline, 14, 25 

as germicides, 156 
Dysentery, amebic, 127, 131 

Eberth's bacillus, 231 (see Bacillus of 

typhoid fever) 
Edema, malignant, bacillus, 206, 104 
Eger-albumen as a culture-medium, 

59 
Eggs, in cultivating anaerobes, 72 
Electricity, influence on bacteria, 95 
Eisner's culture medium, 59, 233 
Emmerich's bacillus, 238 
Emphysematous gangrene, 205 
Endocarditis, 187, 189. 191, 196, 200 
Endogenous spores, 91, 172 
Enzymes, 96, 100 
Eosm, 26, 28 
Epithelioid cells, 223 
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Erysipelas, 183, 192 
Escherich*8 bacillus, 237 
Esmarcb's method for anaerobes, 72 

roll-tubes, 76 
Essential oils as germicides, 162 
Eye-piece, 18 

Farcy-buds, 229 

Fat in culture-media, 59 

Fats, decomposition by bacteria, 97 

Fatty acids in tubercle bacilli, 221 

Feces, bacillus of tetanus in, 209 

bacteria of, 123 

disinfection, 163 

typhoid bacilli, examination for, 
236 
Fermentation, 99 

-tube, 99 
Ferments, development by bacteria, 
96, 100, 140, 188 

and toxins, 140 
Ferrous sulphate, 162 
Fibrin, Weigert's stain, 37 
Film-preparations, 24 
Filter, Kitaaato, 60 

Pasteur-Chamberland, 50, 109 

unglazed porcelain, 49, 109 
Filtration, sterilization by, 49 

of water, 108 
Finkler and Prior spirillum, 248 
Fishing from colonies, 78 
Fission of bacteria, 11, 91 
Fixation of cover-glass preparations, 
25 
tissues, 33, 82 
Flagella, 93 

figure, 233 

staining, 41 
Flies, bacteria carried by, 131, 245 
Fluorescence of bacteria, 96, 172 
Focusing, 20, 22 
Fomites, definition, 126 
Foods, bacteria of, 114, 119 

poisoning by, 119 
Fooa used by bacteria, 94 
Forceps, Comet, 24 

cover-glass, 24 

Stewart, 24 
Formaldehyde as a germicide, 157, 
153, 164 

catgut, 168 

disinfection of rooms, 164 

fixation of tissues with, 33 

penetratingpower, 157 
Formalin (see Formaldehyde) 



Formic acid, 98 

Fowl-cholera, protective inoculation, 

144 
Fractional sterilization, 44 
Franker s method for anaerobes, 70 
pneumococcus, 194 (see Micro- 
coccus lanceolatus) 
Freezing, influence on bacteria, 114 
Frledliinder's bacillus of pneumonia, 

200 
Fuchsin, 26, 27, 32, 36, 38, 40, 220 
acid, 26 

Gabbett's method, 31 
Gangrene, emphysematous, 205 
Gas-burner, Koch's, 67, 68 

formation by bacteria, 98 

-phlegmons, 205 

-regulator, 66, 67 
Gastric juice, germicidal power, 123 
Gelatin, 52 

liquefaction, 54, 96, 188 
Generation, spontaneous, 11 
Gentian-violet, 26, 27, 28, 32, 36, 37, 

38, 40 
Geppert's test for germicides, 152 
Germicidal power of blood-serum, 143 
Germicide, definition, 150 
Germicides, tests for, 151 
Germ, use of the word, 11 
Giant-cell, 222 
Glanders, bacillus, 228, 103 

diagnosis, 229, 230 
Glass plates, 77 
Glucose, 52 (see Dextrose) 
Glycerin-agar, 55 
Gonococcus of Neisser, 198 
Gonorrhea, 186, 199, 200 

diagnosis, 199 
Gram's method, 28, 37, 38 

bacteria stained by, 29 
not stained by, 29 
Gram-Giinther method, 28 
Gray tubercle, 224 
Green pus, 202 

soap, 167 
Grenacher's borax-carmine, 39 
Ground -water, 107 
Growth, invisible on potato, 233 
Gun-cotton, 33 

Giinther's modification of Gram's 
method, 28 

Hair- follicles, infection around, 186 
Hands, disinfection, 166 
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Hanein^-drop, 22 

Hardening of tissues, 33, 82 

Hay baciUus, 175, 73, 92, 102, 116 

Hematoxylin, 39 

Higher bacteria, 178 

Hiss, medium of, 234 

HoSmebter's formaldehyde catgut, 

168 
Honing of kniyes, 36 
Hot-air sterilizer, 42, 43 
Houses, disinfection, 164 
Hueppe*s method for anaerobes, 72 
Human body, bacteria of, 1 20 
Hydrochloric acid, 32, 40, 156, 156 
Hydrogen, cultivation of anaerobes, 
70 

peroxide, 161 

sulphide, 98 
Hydrophobia, 127 

preventive inoculation, 147 
Hypha, 180 
Hypochlorite of calcium, 160, 161, 

163, 164 
Hypodermic inoculation of animals, 
81 

Ice, bacteria of, 114 
Ice-cream poisoning, 115 
Illumination for the microscope, 20 
Imbedding, 33, 34 
Immunity, 142 

ac<]^uired, 142 

active, 146 

natural, 142 

passive, 146 

racial, 142 
Immunizing unit, 149 
Impression-preparation, 24 
Incubator, 65, 66 
Indol, 97 

test for, 97 
Infected wounds, 170 
Infection, bodily conditions favoring, 
132 

local conditions favoring, 133 

of investigators with pathogenic 
bacteria, 103, 244 

of wounds, 133 

mixed, 135, 186 

secondary, 135, 186 
Infectious disease, definition, 126 
Inflammation, 181, 187 

diphtheritic, 191, 219 
Influenza bacillus, 214 
Inoculation for hydrophobia, 147 



Inoculations preventive, 144, 147 

for anthrax, 213 

fowl-cholera, 144 
of animals, 80, 119 

to isolate bacteria, 73 

tube-cultures, 62 
Insects, bacteria carried by, 131 
Instruments, surgical preparation, 169 
Intermittent sterilization, 44 
Intestine, bacteria of, 122, 123 
Intravenous inoculation, 81 
Invisible growth on potato, 233 
Involution forms of bacteria, 90, 212 
Iodide of mercury, 155 
Iodine solution, 28, 37 
Iodoform, 162 
Iris diaphragm, 17 
Irrigation of wounds, 170 
Isolation of bacteria in pure cultures, 
73 

Journals of bacteriology, 15 

Juice, gastric, germicidal power, 123 

Kitasato filter, 50 
Klatschpr&MLrcUy 24 
Klebs-Loffler bacillus, 214 
Koch's gas-burner, 67, 68 

method for anaerobes, 72 
plate-cultures, 73, 77 

rules, 126 

steam sterilizer, 47 

tests for germicides, 151 

Labels, licking of, 75 

Laboratory workers, infection of, 103, 

244 
Lactic acid, 98 
Lactose, 55, 232 
Leprosy bacillus, 227, 220 
Leptothrix buccal is, 178, 121 

innominata, 180 

maxima buccalis, 180 
Leucin, 97 
Leucocytosis, 143 
Leucomaines, 139 

Ligatures, surgical preparation, 167 
Light, influence on bacteria, 95 
Lime sa a germicide, 161, 163 
Liquefaction of gelatin, 54, 96, 188 
Litmus-agar, 55, 232 
Litmus-milk, 56 
Lockjaw (see Tetanus) 
Loffler's bacillus of diphtheria, 214 

blood-serum, 58, 216 
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Loffler's methylene-blue, 27, 36, 217 

stain for nagella, 41 
Lump-jaw, 231 

Lustgarten's bacillus of syphilis, 220 
Lymphoid tissues, entrance of bac- 
teria, 129 
Lysol, 156 

Madura disease, Madura foot, 231 
Magnifying power of objectives, 18 
Mails, transmission of bacteria in, 85 
Malachite-green as a germicide, 156 
Malaria, 1U4, 106, 127, 131 
Malignant edema, bacillus, 206, 104 

pustule, 213 
Mallein, 141, 230 

Marmorek's anti-streptococcus serum, 
192 
serum-medium, 59, 135, 192 
Massachusetts steam sterilizer, 46 
MastzeUen, 37 
Material, collection of, 83 
Measles, 127, 128, 192 
Meat, tubercle bacilli in, 1 18 
Medium, culture- (see Culture-Me- 
dium) 
Membranous croup, 219 

rhinitis, 219 
Meningitis, 187, 196, 198, 201 
cerebro-spinal, 197 

diaffuosis, 198 
Mercuric chloride (see Mercury bi- 
chloride) 
iodide, 155 
Mercury albuminate, 154, 170 

bichloride, 153, 154, 163, 164, 
167, 170 
stock solution, 155 
Metastatic abscesses, 187, 188 
Methjrl alcohol lamp in formaldehyde 

disinfection, 158 
Methylene-blue, 26, 27, 31, 32, 36, 
217 
as a germicide, 156 
Loffler, 27, 36, 217 
Methyl-violet as a germicide, 156 
MetschnikofP, spirillum or vibrio, 247 
Miasmatic disea^, definition, 127 
Microbe, use of the word, 11 
Micrococcus definition, 11, 88 
agilis, 171 
amylovorus, 126 
gonorrhese, 198 
knceolatus, 194, 102, 187 
of sputum septicemia, 194 



Micrococcus Pasteuri, 194 
- pneumoniae crouposse, 194 

pyogenes tenuis, 197 

tetrag^nus, 193 

urese, 171 
Micromilli meter, 20 
Micron, /«, 20 
Microscope, 17 

Microscopical examination of bacte- 
ria, 20 
Microtome, 35 
Miliary tubercle, 224 

tuberculosis, 225 
Milk as a culture-medium, 56 

bacteria of, 114 

conveyed by, 131 

certified, 117 

number of bacteria in, 117, 118 

pasteurization, 48, 116 

pathogenic bacteria in, 117, 119 

poisoning, 115 

samples of, 83 

staining bacteria in, 119 

sterilization, 116 

tubercle bacilli in, 117 

of lime, 161, 163 
Miller's spirillum, 249 
MUzbrand (see Anthrax) 
Mixed infection, 135, 186 
Moist surface, adhesion of bacteria to, 

64 
Moisture, effect on growth of bac- 

tpns 94 
Motility of bacteria, 22, 92 
Moulds, 103, 106, 180 

cultivation, 59 
Mouth, bacteria, 121 
Movement, Brownian, 23 
Mucor mucedo, 179 
Mucous membranes, bacteria of, 120 
Multiplication of bacteria, 91 
Mumps, 127 

Mustard as a disinfectant, 167 
Mycelium, 180 
Mycetoma, 231 
Mycoprotein, 91 
Myocarditis, gonorrheal, 200 

Natural immunity, 142 
Neisser's gonococcus, 198 
Nitrate of silver, 155 
Nitrifying bacteria, 98, 104 
Nitrogen assimilation by bacteria, 
104 
liberation by bacteria, 98 



Digitized by 



Google 



260 



INDEX. 



Kitromonas, 104 
Nitroso-indol reaction, 98 
Nitrosomonas, 104 

Non-pathogenic bacteria, definition, 
90 
bacteria, 171 
Normal body, bacteria of, 120 
Nose-piece, 17 

Novy's method for anaerobes, 71 
Nucleins, 144. 

Number of bacteria in feces, 123 
milk, 117, 118 
water, 112 
species of bacteria, 171 
Nutrient agar-agar, 54 
bouillon, 51 
gelatin, 52 
Nutrition of bacteria, 94 

Obermeier's spirillum, 250 

Objectives, 17 

Ocular^ 17 

Odors developed by bacteria, 98 

Oese, 21 

Oi'dium lactis, 179 

Oil, aniline, 27, 29, 37, 38 
cedar-wood, 19 
culture-media containing, 59 
-immersion objective, 18 
mustard, as a disinfectant, 167 

Oils, essential, as germicides, 162 

OsteomvelitiSj 187, 189, 237 

Ovum, bacteria conveyed in, 128 

Oxalic acid, 167 

Oxygen, relation of bacteria to, 95 

Oysters, typhoid fever conveyed by, 
119 

Paraffin, 34 
Paraform, 158 
Parasite, definition, 90 
Park's method disinfecting hands, 167 
Passive immunity, 146 
Pasteur-Chamberland filter, 49, 109 
Pasteurization, 48, 116 
Pathogenic bacteria, definition, 90 

descriptions of species, 181 
Pear-blight, 13, 126 
Penicillium glaucum, 179 
Peptone, 51, 97 

solution, concentrated, 247 

Dunham, 58 
Peptonizing ferments formed by bac- 
teria, 96, 188 
Pericarditis, 187, 190, 196 



Peritonitis, 187, 190, 191 

Permanganate of potassium, 162, 167 

Peroxide of hydrogen, 161 

Petri dishes, 75 

Pfei£Fer's capsule bacillus, 201 

reaction for cholera spirillum, 
146, 244 
Phagocytosis, 142, 146, 181 
Phenol, 97 (see also Carbolic acid) 
Phosphorescence of bacteria, 96, 174 
Picric acid, 26 
Placenta, bacteria transmitted 

through, 128 
Plague, bubonic, bacillus, 204 
Plate-cultures, 73, 77 
Platinum wire, 20 

rules for use, 21, 63 
Pleuritis, 187, 190, 196 
Pleuro-pneumonia of cattle, 128 
Plugs, cotton, for tubes, etc., 60 
Pneumococcus of Frankel, 194 (see 

Micrococcus lanceolatus) 
Pneumonia, 187, 198 

broncho, 196, 201, 219 

croupous, 196, 201 

diagnosis, 196 
Poisoning by food, 119 

ptomaines, 115, 119 
Porcelain, unglazed, filter, 49, 109 
Post-mortems, disinfection at, 82, 164 
Post-office, rules for mailing bacteria, 

85 
Potassium permanganate, 162, 167 
Potato, as a culture-medium, 56 

invisible growth on, 233 

bacillus, 174, 92, 102, 116 
Predisposition to infection, 133 
Products, bacterial, 96, 136, 138 
Propionic acid, 98 
Protargol, 156 

Protective inoculations, 144, 147, 213 
Proteus mirabilis, 203 ; vulgaris, 203 ; 

Zenkeri, 203 
Pseudo-gonococcns, 122, 199 

diphtheria bacillus, 217 

membranous inflammations, 191, 
217 

tuberculosis, 227 
Ptomaine definition, 139 
Ptomaines, 97, 115, 119, 139 
Puerperal fever, 291 
Pure cultures, 73, 78 
Pus, blue, 202 

-cells, 182 

formation, 181 



Digitized by 



Google 



INDEX. 



261 



Pus, green, 202 

samples of, 83, 85 
Putrefaxjtion, 99 
Pyemia, 188 
Pyocyanin, 139, 202 
Pyogenic bacteria, 183, 184 
Pyoktanin, 156 
Pyosalpinx, 200 

Pyrogallic acid for cultivating anae- 
robes, 69 
Pyroxylin, 33 

Babies (see Hjrdrophobia) 
Racial immunity, 142 

predisposition to infection, 133 
Rancidity of butter, 118 
Ray fungus of actinomycosis, 230 
Reichert's gas-regulator, 67 
Relapsing ^yer, spirillum, 250 
Rhinoscleroma, bsicillus, 201 
Ridn, 140, 145 
Ripening cream, 118 
Roll-tubes of Esmarch, 76 
Rooms, disinfection, 157, 159, 164, 

165 
Rosolic acid, 58 

Rubber caps for test-tubes, 64, 68 
Rules for students, 15, 21, 62, 70, 75, 
76, 82, 103 

of Koch, 126 

of post-office, 85 

Sabouraud's culture-medium, 59 

Saccharomyces cerevisie, 180 

Sapremia, 136 

Saprophyte, definition, 90 

Sarcina, 88, 172 
pulmonum, 172 
yentriculi, 172 

Sarcoma, toxins of streptococcus for, 
192 

Scarlet fey er, 115, 127, 192 

Schatz's method disinfecting hands, 
167 

Schizomycetes, definition, 11 

Schultz's method neutralizing culture- 
media, 52 

Scrofula, 224 

Sealing test-tubes, 68 

Secondary infection, 135, 186 

Section-cutting, 35 

Section-lifter, 37 

Sections, staining bacteria in, 36 
carmine, 39 
Gram's method, 37 



Sections, staining hematoxylin, 39 
tubercle bacilli, 38 
Weigert method, 37 
Sedgwick*8 test for germicides, 152 

-Tucker aerobioscope, 106 
Self-purification of water, 108 
Semen, transmission bacteria by, 128 
Septicemia, 136 
Serum (see Blood-serum) 

-test for tjrphoid feyer, 147, 234 
Silk threads m testing germicides, 
151 

surgical preparation, 169 
Silkworm gut, surgical preparation, 

169 
Silver nitrate, 155 
Size of bacteria, 90 
Skatol, 97 
Skin, bacteria of, 120, 166 

disinfection, 166, 169 
Slides, glass, 25 
Small-pox, 127 
Smear-culture, 63, 64 

preparations, 24 
Smegma bacilli, 122, 220 
Snake-yenom, 140 
Soil, bacteria of, 104, 131 
Species of bacteria, 88, 101, 171 
Spirilla in the mouth, 121 

water, 113, 250 
Spirillum, definition, 12, 88, 89 

dentium, 177 

of Asiatic cholera, 240, 103, 108, 
113, 115, 123, 146 
Deneke, 249 
Finkler and Prior, 248 
Metschnikoff, 247 
Miller, 249 
Obermeier, 250 

plicatile, 177 

relapsing fever, 250 

rubrum, 177 

rugula, 177 

sputigenum, 177 

tyrogenum, 249 

undula, 177 

volutans, 177 
Spirocheeta, definition, 89 

dentium, 177 

Obermeieri, 250 

plicatile, 177 
Splenic fever (see Anthrax) 

puncture in typhoid fever, 237 
Sponges, surgical preparation, 169 
Spontaneous generation, 11 
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Spores, 11, 91 

arthro-, 92 

endogenous, 91, 172 

of anthrax bacillus, 211, 92, 151, 
156, 156, 168 
moulds, 180 
tetanus bacillus, 73, 208 

resistance to heat, etc., 92 

stainine, 40 
Sputum, collection, 30, 83 

disinfection, 163 

staining, 30 
Sputtering of wire, 21 
Stab-culture, 63, 64 
Staining, 25 

bacteria in tissues, 33 

contrast-, 26, 28, 30, 32, 39 

diphtheria bacillus, 27, 28, 214 

flagella, 41 

gonococcus, 199 

Gram's method, 28 

sections, 36 

spores, 40 

tubercle bacillus, 29, 38, 119, 122, 
220 
in milk, 119 

sputum, 29, 83 
tissue, 38 
Staphylococcus, definition, 88 

epidermidis albus, 190, 117, 120 

pyogenes albus, 190 

aureus, 188, 117, 183, 187 
Steam sterilization (see Sterilization) 
Sterilization, 42 

after autopsies, 82, 164 

by the autoclave, 48 

by boiling, 44, 169 

by filtration, 49 

by steam, 44, 48 

by the naked flame, 42 

fractional, 44 

hot-air^ 42, 43 

intermittent, 44 

of blood-serum, 47, 57 

of culture-media, 44, 47, 48, 50, 
61 

of cultures, 103 

of milk, 56, 116 

of test-tubes, 60 

steam, 44, 48 
Sterilizer, Arnold, 45 

hot-air, 42, 43 

Koch, 47 

Massachusetts, 46 

steam, 45, 47 



Sternberg's bulbs, 85, 109 

determination thermal death- 
point, 93 

test for germicides, 161 
Stewart's forceps, 24 
Stick-culture (see Stab-culture) 
Stitch- abscesses, 190 
Stomach bacteria, 123, 172 
Stools, disinfection, 163 
Streptococcus, definition, 88 

brevis, 191 

longus, 191 

of erysipelas, 192 

pyogenes, 191, 136, 187, 217 
Streptothrix, 178 

actinomyces, 230 
Stropping knives, 36 
Sulphur, use in disinfection, 153, 159, 

165 
Sunlight, influence on bacteria, 95 
Suppuration, 181, 182, 184 
Surgical disinfection, 166 
Swarming islands, 203 
Syphilis, 127, 220 
Systematic study of a species, 101 

Tendons, animal, as ligatures, 154 
Test-tubes, 60, 216 

inoculation of, 62 
manner of holding, 62 
plug:s for, 60 
sealing of, 68 
sterilization, 60 
Teeth, bacteria of, 121 

caries of, 121 
Terminal infections, 135 
Tetanus bacillus, 208, 73, 103, 104, 
spores, 208 
toxins, 140, 210 
antitoxin, 149 
Tetrad, definition, 88 
Thermal death-point, determination, 

93 
Thermophilic bacteria, 93 
Thermostat (see Gas-regulator) 
Thiothrix, 178 

Tissues, fixation and hardening, 33, 
82^ 
staining bacteria in, 33 
Toxalbumens, 139 
Toxemia, 136, 218 
Toxin, definition, 139 
Toxins, 97, 138, 139 

of diphtheria, 140, 148, 219 
of tetanus, 140, 210 
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Tricophyton, cultivation, 59 
Tubercle, gray, miliary, yellow, 224 
structure, 222 

bacillus, 220, 89, 106, 117. 128, 

130, 136 

in butter, 117 

in meat, 118 

in milk, 117 

staining, 29, 38, 119, 122, 
220 
in milk, 119 
in sputum, 29, 83 
in tissues, 38 
Tuberculin, 119,141,226 

IL,226 
Tuberculosis, 186, 222 
acute miliary, 225 
diagnosis, 220, 226 
of birds, 226 
organs affected, 225 
pseudo-, 227 
spread of, 224 
Typhoid fever, bacillus, 231, 108, 113, 
115, 119, 147 
contrasted with colon bacil- 
lus, 239 
bacillus in feces, 236 
diagnosis, 233, 234, 237, 239 
serum test, 234, 84, 147 
Tvphus fever, 127 
Tyrosin, 97 
Tyrotoxicon, 116, 139 

Unit, immunizing, 149 
Urea, decomposition by bacteria, 97 
Urethra, bacteria, 121 
Urethritis, gonorrheal, 200 
Urine, disinfection, 163 

samples, 83 

senim-agar, 200 

typhoid bacilli in, 237 

Vaccination, 144 
Vagina, bacteria, 122 
Vaginitis, gonorrheal, 200 
Vegetative forms of bacteria, 91 
Venom of snakes, 140 
Vibrio, definition, 89 
aquatilis, 250 



Vibrio Berolinensis, 250 

Metschnikovi, 247 

proteus, 248 

rugula, 177 

Schuylkiliensis, 250 
Vibrion septicjue^ 206 
Violet, gentian-, 26 (see Gentian-vio- 
let) 
Virulence of bacteria, 94, 134, 144 

Warmth, effect on growth of bacteria, 

93 
Water, bacteria of, 107 

conveyed by, 131 
filtration, 108 
ground-, 107 
infections carried by, 131 
number of bacteria in, 109, 112 
pathogenic bacteria in, 108, 113, 

114 
samples of, 83, 109 
self-purification, 108 
spirilla in, 113, 250 
Watery solutions of aniline dyes, 26, 

36 
Whooping-cough, 127j 128 
Weigert's stain for hbrin and bac- 
teria, 37 
WidaPs serum-test for typhoid fever, 

234, 84, 147 
Wire baakets, 55, 60 
Wire, platinum, 20, 21, 63 
Wolffhiigel plate, 110 
Wounds, infected, 170 
infection of, 133 
irrigation of, 170 
Wool-sorter's disease, 213, 106 
Wurtz's culture-medium, 233 

Xylol, 34, 36, 37 

Yeasts, 103, 106, 180 
Yellow fever, 127, 128 
Yellow tubercle, 224 

ZiehFs carbol-fuchsin, 31 
Zinc chloride, 163 
sulphate, 163 
Zooglea, 91 
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ANATOMY. 

MORRIS. Text-Book of Anatomy. 2d Edition. 790 lUtistra- 
tions, 2x4 of which are printed in colors. 

Cloth, I6.00; Leather, $7.00; Half Russia, |8joo. 
** Taken as a whole, we have no hesitation in according very high 
praise to this work. It will rank, we believe, with the leading Anato- 
mies. The illustrations are handsome and the printing is good."— 
Boston Medical and Surgical /oumal. 

Handsome Circular of Morris, with sample pages and colored illus- 
trations, will be sent free to any address. 

BROOMELL. Anatomy and Histology of the Human Mouth 
and Teeth, 275 Illustrations. In Press. 

CAMPBELL. Outlines for Dissection. Prepared for Use with 
** Morris's Anatomy" by the Demonstrator of Anatomy at the Uni- 
versity of Michigan. $x.oo 
HEATH. Practical Anatomy. 8th Edition. 300 Illus. ^4.35 
HOLDEN. Anatomy. A Manual of the Dissections of the Human 
Body. 6th Edition. Carefully Revised by A. Hbwson. m.d.. De- 
monstrator of Anatomy, Jefferson Medical College, Pniladelphia. 
3x1 Illustrations. Cloth. $3 50; Leather, $3.00 
HOLDEN. Human Osteology. Comprising a Description of the 
Bones, widi Colored Delineations of the Attachments of the Muscles. 
The General and Microscopical Structure of Bone and its Develop- 
ment. With Lithographic rlates and numerous Illus. 7th Ed. $5.95 
HOLDEN. Landmarks. Medical and Surgical. 4th Ed. $x.oo 
MACALISTER. Human Anatomy. Systematic and Topograph- 
ical, including the Embryology, Histology, and Morphology ot Man. 
With Special Reference to the Requirements of Practical Surgery and 
Medicine. 816 Illustrations. Cloth, $5.00; Leather, $6.00 
MARSHALL. Physiological Diagrams. Life Size, Colored. 
Eleven Life-Size L3tagrams (each seven feet by three feet seven 
inches). Designed for Demonstration before the Class. 

In Sheets, Immounted, |4o.oo ; Backed with Muslin and Mounted 
on Rollers, ^.00; Ditto, Spring Rollers, in Handsome Walnut Wall 
Map Case (send for special circmar), $xoo.oo ; Single Plates — Sheets, 
$5.00 : Mounted, $7.50. Explanatory Key, .50. Descriptio* circu- 
lar upon applicatten. 
POTTER. Compend of Anatomy, Including Visceral Anatomy. 
6th Edition. x6 Lithographed Plates and X17 other Illustrations. 

.80; Interleaved, $x. 95 

WILSON. Human Anatomy, xith Edition. 429 Illustrations, 36 

Colored Plates, and a Glossary of Terms. $5*oo 

WINDLE. Surface Anatomy and Landmarks. Colored and 

other Illustrations. $x.oo 

ANESTHETICS. 

BUXTON. On Anesthetics. 3d Edition. Illustrated. In Press. 

TURNBULL. Artificial Anesthesia. A Manual of Anesthetic 
Agents. Their Employment in the Treatment of Disease ; Modes 
of Administration ; Considering their Relative Risks ; Tests of 
Purity ; Treatment of Asphyxia ; Spasms of the Glottis ; Syncope, 
etc. 4th Edition, Revised. 54 lUustratioDs. Just Ready. Ia.50 
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BLACKBURN. A MaDual of Autopaiea. Designed for the Use 
of Hospitals for the Insane and other Public Instituuons. Ten foil- 
page Putes and other Illustrations. $x>a5 

OOWSR8. Diagnosia of Diaeaaea of the Brain, sd Edition. 
Illustrated. $i<So 

HORSLSY. The Brain and Spinal Cord. The Structure and 
Functions of. Numerous Illustrations. l^'So 

IRELAND. Mental Affections of Children. Idiocy, Imbecility, 
Insanity, etc. Jutt Ready $4 00 

LEWIS (BBVAN). Mental Diaeaaea. A Text-Book Having 
Special Reference to the Pathological Aspects ot Insanity. z8 Litho- 
graphic Plates and other Illustrations. New Edition. In Press. 

MANN. Manual of Paychological Medicine and Allied 
Nervous Diaeaaea. Their Diagnosis, Pathology, Prognosis, and 
Treatment, including their Medico-L^;al Aspects ; with chapter on 
Expert Testimony, and an Abstract of the Laws Relating to the 
Insane in all the States of the Union. Illustrated. $3'Oo 

REGIS. Mental Medicine. Authorised Translation by H. M. 

BAMltlSTBR, M.D. $ajOO 

STEARNS. Mental Diaeaaea. Designed especially for Medical 
Students and General Practitioners. With a Digest or Laws of the 
various States Relating to Care of Insane. Illustrated. 

Cloth, #9.75; Sheep, $3.35 

TUKE. Dictionary oi Psychological Medicine. Giving the 
Definition, Etymology, and Symptoms of the Terms used in Medical 
Psychology, with the Symptoms, Pathology, and Treatment of the 
Recognised Forms of Mental Disorders, together with the Law of 
Lunacy in Great Britain and Ireland. Two volumes. $xo.oo 

WOOD, H. C. Brain and Overwork. .40 

CHEMISTRY AND TECHNOLOGY. 

fecial Catalogue of Chemical Books sent free upon. applicatioH, 
ALLEN. Commercial Organic Analysis. A Treatise on the 

Modes of Assaying the Various Organic Chemicals and Products 

Employed in the Arts, Manufactures, Medicine, etc., with concise 

metnods for the Detection of Impurities, Adulterations, etc. 8vo. 

Vol. I. Alcohols, Neutral Alcoholic Derivatives, etc.. Ethers, Veg- 
etable Acids, Starch, Sugars, etc. 3d Edition, by Hbnrt Lbff- 
MANN, M. D. Just Ready. Cloth, I4.50 

Vol. II. Fixed Oils and Fats, Hydrocarbons and Mineral Oils, 
Phenols and their Derivatives, etc. 3d Edition, by Henrt Lkff- 
MANN, M. D. Nearly Ready, 

Vol. Ill, Part I. Acid Derivatives of Phenols, Aromatic Acids, 
Tannins, Dyes and Coloring Matters. 3d Edition. In Preparation. 

Vol. Ill, Part II. The Amines, Pyridine and its Hydrazines and 
Derivatives. The Antipyretics, etc. Vegetable Alkaloids, Tea, 
Coffee, Cocoa, etc. 8vo. sd Edition. Cloth, $4.50 

Vol. Ill, Part III. Vegetable Alkaloids, Non-Basic Vegetable Bitter 
Principles. Animal Bases, Animal Acids, Cyanogen Compounds, 
etc. 2d Edition, 8vo. Cloth, %\.lo 

Vol. IV. The Proteids and Albuminous Principles. 2d Edition. 
Jtut Ready. Cloth , ^. 50 

Appendix Volume. Containing a Review of the whole work with 

many new methods, etc. In Preparation. 

ALLEN. Chemical Analysis of Albuminous and Diabetic 

Urine. Illustrated. IS'^S 
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HARTLEY. Medical and Pharmaceutical Chemistry. A 

TexUBook for Medical, Dental, and Pharmaceutical Students. With 
Illustrations, Glossary, and Complete Index. 5th Edition, carehilly 
Revised. Qoth, $3 .00 ; Sheep, $3. 50 

BARTLEY. Clinical Chemistry. The Examination of Feces, 
Saliva, Gastric Juice, Milk, and Urine. Nearly Ready. 

BLOXAM. Chemistry, Inorganic and Onranic. With Experi- 
ments. 8th Ed., Revised. aSx Engravings. Clo., ^.35 ; Lea., %IAI 

CALDWELL. Elements of Qualitative and Quantitative 
Chemical Analysis. 3d Edition, Revised. $1.50 

CAMERON. Oils and Varnishes. With lUustrations. $3.35 

CAMERON. Soap and Candles. 54 Illustrations. $3.00 

CLOWES AND COLEMAN. Elementary Practical Chem- 
istry and Qualitative Analysis. Illustrated. $1.35 

GARDNER. The Brewer, Distiller, and Wine Manufac- 
turer. Illustrated. $1.50 

GARDNER. Bleaching, Dyeing, and Calico Printing. $1.50 

GROVES AND THORP. Chemical Technology, llie Appli- 
cation of Chemistry to the Arts and Manu£aictiu-es. 
Vol. I. Fuel and Its Applications. 607 Illustrations and 4 Plates. 
Cloth, $5.00; Half Morocco, I6.50 
Vol. II. Lighting. Illustrated. Cloth, I4.00; Half Morocco.^S^So 
Vol. III. Lighting— Continued. In Press. 

HOLLAND. The Urine, the Gastric Contents, the Commoa 
Poisons, and the Milk. Memoranda, Chemical and Microscopi- 
cal, for Laboratory Use. 5th Ed. Illustrated and interleaved, $1.00 

LEFFMANN. Compend of Medical Chemistry, Inorganic 
and Organic. Including Urine Analysis. 4th Edition, Rewritten 
and Revised. .80; Interleaved, $1.35 

LEFFMANN. Analysis of Milk and Milk Products. Arranged 
to Suit the Needs of Analytical Chemists, Dairymen, and Milk Inspec- 
tors. 3d Edition. Enlarged, Illustrated. $1.35 

LEFFMANN. Water Analysis. Illustrated. 3d Edition. $1.35 

LEFFMANN. Structural Formulae. Including xSo Structural 
and Stereo-Chemical Formulae, ismo. Interleaved. $1.00 

MUTER. Practical and Analytical Chemistry. 2d American 
from the Eighth English Edition. Revised to meet the requirements 
of American Medical Colleges by Claude C. Hamilton, m.d. 56 
Illustrations. Just Ready. $X'35 

OETTEL. Practical Exercises in Electro-Chemistry. Illus- 
trated. .75 

OETTEL. Introduction to Electro-Chemical Experiments. 
Illustrated. .75 

RICHTER. Inorganic Chemistry. 4th American, from 6th Ger- 
man Edition. Authorized translation by Edgar F. Smith, m.a., 
PH.D. 89 Illustrations and a Colored Plate. $i-75 

RICHTER. Organic Chemistry. 3d American Edition. Trans, 
from the last German by Edgar F. Smith. Illustrated, s Volumes. 
Vol. I. Aliphatic Series. Nearly Ready. 

Vol. II. Aromatic Series. In Preparation. 

SMITH. Electro-Chemical Analysis. 3d Edition, Revised. 28 . 
Illustrations. t^-^S 

SMITH AND KELLER. Experiments. Arranged for Students 
in General Chemistry. 3d Edition. Illustrated. 60 



Digitized by 



Google 



SUBJECT CATALOGUE. 



STAMMER. Chemical Problema. With Answers. .50 

SUTTON. Volumetric Analysis. A Systematic Handbook for 

the Quantitative Estimation of Chemical Substances by Measure, 

Apphed to Liquids, Solids, and Gases. 7th Edition, Revised, iis 

Illustrations. #4* 50 

SYMONDS. Manual of Cbemiatry, for Medical Studenta. 

ad Edition. ^.00 

TRAUBE. Physico-chemical Methods. Translated by Hardin. 

97 Illustrations. Just Ready. $i*5o 

ULZER AND PRAENKEL. Chemical Technical Analysis. 

Translated by Fleck. Illustrated. Just Ready. |i.25 

WOODY. Essentials of Chemistry and Urinalysis. 4th 

Edition. Illustrated. In Press. 

%* fecial Cdtaia^yte of Boohs on Chemistry free upon application. 

CHILDREN. 

CAUTLIB. Feeding of Infants and Young Children by Nat- 
ural and Artificial Methods. $a.oo 
HALE. On the Management of Children. .50 

HATFIELD. Compend of Diseases of Children. With a 
Colored Plate, ad Edition. .80; Interleaved, $1.85 

IRELAND. Mental Affections of Children. Idiocy, Imbe- 
cility, etc. Just Ready. $4«oo 

MEIQS. Infant Peedinsr and Milk Analysis. The Examination 
of Human and Cow's Milk, Cream, Condensed Milk, etc., and 
Directions as to the Diet of Young Infants. .50 

MONEY. Treatment of Diseases in Children. Including the 
Outlines of Diagnosis, ad Edition. $a*5o 

POWER. Surgical Diseases of Children and their Treat- 
ment by Modern Methods. Illustrated. $3.50 

STARR. The Digestive Organs in Childhood. The Diseases of 
the Digestive Organs in In&ncy and Childhood. With Chapters on 
the Investigation of Disease and the Management of Children, ad 
Edition^ Enlarged. Illustrated by two Colored Plates and numerous 
Wood Engravings. $a.oo 

STARR. Hygiene of the Nursery. Including the General Regi- 
men and Feeding of Infants and Children, and the Domestic Manage- 
ment of the Ordinary Emergencies of Early Life, Massage, etc. 6th 
Edition. 35 Illustrations. $x.oo 

TAYLOR AND WELLS. The Diseases of Children. Illus- 
trated. A New Manual. 746 pages. Just Ready. #400 

CLINICAL CHARTS. 

GRIFFITH. Graphic Clinical Chart for Recording Temper- 
ature, Respiration, Pulse, Day of Disease, Date, Age, Sex, 
Occupation, Name, etc. Printed in three colors. Sample copies 
free. Put up in loose packages of fifty, .50. Price to Hospitals, 500 
copies, I4.00 ; 1000 copies, $7.50. With name of Hospital printed 
on, .50 extra. 

KEEN'S CLINICAL CHARTS. Seven Outline Drawings of the 
Body, on which may be marked the Course of Disease, Fractures, 
Operations, etc. Pads of fifty, $i.co. Each Drawing may also be 
had separately, twenty-five to pad, 25 cents. 
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SCHREINER. Diet Lists. Arranged in the form of a chart. 
With Pamphlets of Specimen Dietaries. Pads of 50. .75 

DENTISTRY. 

special Catalogue 0/ Dental Book* tent free upon application, 

BARRETT. Dental Surg^erv for General Practitioners and 
Students of Medicine and Dentistry. Extraction of Teeth, 
etc. 3d Edition. Illustrated. Nearly Ready. 

BLODQETT. Dental Pathology. By Albbrt N. Blodgbtt. 
M.D., late Professor of Pathology and Therapeutics, Boston Dental 
College. 33 Illustrations. $i*35 

BROOMELL. Anatomy and Histology of the Human Mouth 
and Teeth. 375 Handsome Illustrations. In Prets, 

PLAQQ. Plastics and Plastic Pilling, as Pertaining to the Filling 
of Cavities in Teeth of all Grades of Structure. 4th Edition. I4.00 

FILLBBROWN., A Text-Book of Operative Dentistry. 

Written by invitation of the National Association of Dental Facul- 
ties. Illustrated. I^.as 
QORQAS. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 6th Edition, Revised. Cloth, I4.00 ; Sheep, $5.00 

HARRIS. Principles and Practice of Dentistry. Including 
Anatomy, Physiology, Pathology, Therapeutics, Dental Surgery, 
and Mechanism. 13th Edition. Revised by F. 1. S. Gorgas, m.d., 
D.D.S. X350 Illustrations. CloUi, fo.oo; Leather, $7.00 

HARRIS. Dictionary of Dentistry. Including Definitions of Such 
Words and Phrases of the Collateral Sciences as Pertain to the Art and 
Practice of Dentistry. 6lh Edition. Revised and Enlarged by Fbr- 
DiNAND F. S. GoRGiLS, M.D., D.D.5. Cloth, $$.00 ,' Leather, $6.00 

HEATH. Injuries and Diseases of the Jawa. 4th Edition. 187 

Illustrations. |4<50 

HEATH. Lectures on Certain Diseases of the Jfws. 64 

Illustrations. Boards, .50 

RICHARDSON. Mechanical Dentistry. 7th Edition. Thor- 
oughly Revised and Enlarged by Dr. Gbo. W. Warrbn. 691. Illus- 
trations. Cloth, Is .00; Leather, ^.00 

SEWELL. Dental Surgery. Including Special Anatomy and 
Surgery. 3d Edition, with aoo Illustrations. $a.oo 

SMITH. Dental Metallurgy. Illustrated. $1.75 

TAFT. Index of Dental Periodical Literature. |3.oo 

TALBOT. Irregularities of the Teeth and Their Treatment. 

3d Edition. 3^4 Illustrations. $3-oo 

TOMES. Dental Anatomy. Human and Comparative. 363 Illus- 
trations. 5th Edition. Just Ready. l4*oo 
TOMES. Dental Surgery. 4th Edition. 389 Illustrations. $4.00 
WARREN. Compend of Dental Pathology and Dental Medi- 
cine. With a Chapter on Emergencies. 3d Edition. Illustrated. 
Just Ready. .80; Interleaved, $1.25 

WARREN. Dental Prosthesis and Metallurgy. 139 Ills. $1.35 
WHITE. The Mouth and Teeth. Illustrated. .40 

*«* fecial Catalogue of Dental Books free upon appUcaiion. 
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DICTIONARIES. 

GOULD. The Illustrated Dictionary of Medicine, Biolo|ry, 
and Allied Sciences. Being an Exhaustive Lexicon of Medicine 
and those Sciences Collateral to it : Biology (Zoology and Botany), 
Chemistry. Dentistry, Parmacologr, Microscopy, etc., with manv 
useful Tables and numerous fine luustrations. 1033 pages. 3d Ed. 
Sheep or Half Dark Green Leather, |io.oo; Thumb Index, |ix.oo 
Half Russia, Thumb Index, $z3.oo 

GOULD. The Medical Student's Dictionary. Including all the 
Words and Phrases Generally Used in Medicine, with their Proper 
Pronunciation and Definition, Based on Recent Medical Literature. 
With Tables of the Bacilli, Micrococci, Mineral Springs, etc., of the 
Arteries, Muscles, Nerves, Ganglia, and Plexuses, etc. xoth Edition. 
Rewritten and Enlarged. Completely reset from new type. 700 pp. 
Half Dark Leather, $3.95 ; Half Morocco, Thumb Index, I4.00 

GOULD. The Pocket Pronouncing Medical Lexicon. (31,000 
Medical Words Pronounced and Defined.) Containing all the Words, 
their Definition and Pronunciation, that the Medical, Dental, or 
Pharmaceutical Student Generally Comes in Contact With; also 
Elaborate Tables of the Arteries, Muscles. Nerves, Bacilli, etc., etc., 
a Dose List in both English and Metric System, etc. Arranged in a 
Most Convenient Form tor Reference and Memorizing. A new Edi- 
tion, enlarged by 200 pages. 

FuU Limp Leather, Gilt Edges, |z.oo ; Thumb Index, $1.35 
80,000 Copies of Gould's Dictionaries Have Been Sold. 
%* Sample Pages and Illustrations and Descriptive Circulars ot 

Gould's Dictionaries sent free upon application. 

HARRIS. Dictionary of Dentistry. Including Definitions of Such 
Words and Phrases of the Collateral Sciences as Pertain to the Art 
and Practice of Dentistry. 6th Edition. Revised and Enlarged by 
Ferdinand J. S. Gorgas, m.d., d.d.s. Cloth, $5.00; Leather, $6 00 

LONQLEY. Pocket Medical Dictionary. With an Appendix, 
containing Poisons and their Antidotes, Abbreviations used in Pre- 
scriptions, etc. Cloth, .75 ; Tucks and Pocket, $1.00 

MAXWELL. Terminologia Medica Polyglotta. By Dr. 
Thbodorb Maxwbll, Assisted by Others. l3*oo 

The object of this work is to assist the medical men ot any nationatlity 

in reading medical literature written in a language not their own. 

Each term is usually given in seven languages, vix. : English, French, 

German, Italian, Spanish, Russian, and Latin. 

TREVES AND LANG. German-English Medical Dictionary. 

Half Russia, 13.35 

EAR (see also Throat and Nose). 

HOVELL. Diseases of the Ear and Naso-Phar^nx. Includ- 
ing Anatomy and Physiology of the Oigan, together with the Treat- 
ment of the Affections of the Nose and Pharynx which Conduce to 
Aural Disease. las Illustrations. 2d Edition. Prt^aring. 

BURNETT. Hearing and How to Keep It. Illustrated. .40 

DALBY. Diseases and Injuries of the Ear. 4th Edition. 38 
Wood Engravings and 8 Colored Plates. #3-50 

PRITCHARD. Diseases of the Bar. 3d Edition, Enlarged. 
Many Illustrations and Formulae. |x*5o 

WOAKES. Deafness, Giddiness, and Noises in the Head. 
4th Edition. Illustrated. |3.oo 
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ELECTRICITY. 

BIQBLOW. Plain Talks on Medical Electricity and Bat- 
teries. With a Therapeutic Index and a Glossary. 43 Illustra- 
tions, ad Edition. $x.oo 
JONES. Medical Electricity. 3d Edition, zxa IIlus. In Press, 
MASON. Electricity ; Its Medical and Surgical Usea. Numer- 
ous Illustrations. .75 

EYE. 

A Special Circular qf Books on the By* sent fro* v^on application, 

ARLT. Diseases of the Eye. Qinical Studies on Diseases of the 
Eye. Translation by Lyman Wars, m.d. Illustrated. $1.95 

DONDERS. Aphorisms upon Refraction and Their Results. 
8vo. In Press. 

PICK. Diseases of the Eye and Ophthalmoscopy. Trans- 
lated by A. B. Halb, m. d. 157 Illustrations, many of which are in 
colors, and a glossary. Clodi, I4.50; Sheep, ^5.50 

QOULD AND PYLE. Compend of Diseases of the Eye and 
Refraction. Including Treatment and Operations, and a Section 
on Local Therapieutics. With Formulae, Useful Tables, a Glossary 
and XIX Illustrations, several of which are in colors. Just Ready. 

Cloth, .80 ; Interleaved, lz.35 

QOWERS. Medical Ophthalmoscopy. A Manual and Atlas 
with Colored Autotype and Lithograpnic Plates and Wood-cuts, 
Comprising Ori^nal Illustrations of the Changes of the Eye in Dis- 
eases of the Bram, Kidney, etc. 3d Edition. #4'Oo 

HARLAN. Eyesight, and How to Care for It. lUus. .40 

HARTRIDOE. Refraction. 104 Illustrations and Test Types. 
9th Edition, Enlarged. ^x>So 

HARTRIDOE. On the Ophthalmoscope. 3d Edition. With 
4 Colored Plates and 68 Wood-cuts. |x.5o 

HANSELL AND BELL. Clinical Ophthalmology. Colored 
Plate of Normal Fundus and xao Illustrations. $x*5o 

MORTON. Refraction of the Eye. Its Diagnosis and the Cor- 
rection of its Errors. With Chapter on Keratoscopy and Test 
Types. 6th Edition. $x.oo 

OHLEMANN. Ocular Therapeutics. Authorized Translation, 

and Edited by Dr. Charles A. Ouvbr. In Press. 

. PHILLIPS. Spectacles and Eyeglasses. Their Prescription 

and Adjustment 2d Edition. 49 Illustrations. ^i.oo 

SWANZY. Diseases of the Eye and Their Treatment. 6th 
Edition, Revised and Enlarged. X58 Illustrations, x Plain Plate, 
and a Zephyr Test Card. $3*oo 

THORINGTON. Retinoscopy. ad Ed. Illus. Just Ready, $x.oo 

WALKER. Students' Aid in Ophthalmology. Colored Plate 
and 40 other Illustrations and Glossary. $x*So 

FEVERS. 

COLLIE. On Pevers. Their History, Etiology, Diagnosis, Prog- 
nosis, and Treatment. Colored Plates. $a.oo 

QOODALL AND WASHBOURN. Fevera and Their Treat- 
meat. Illustrated. $3.00 
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GOUT AND RHEUMATISM. 

DUCKWORTH. A Treatise on Oout. With Chromo-lithogiaphs 
and Engravings. Cloth, ^.oo 

QARROD. On Rheumatism. A Treatise on Rheumatism and 
Rheumatic Arthritis. Cloth, $5.00 

HAIQ. Causation of Disease by Uric Acid. A Contribution to 
the Pathology of High Arterial Tension, Headache, Epilepsy, Gout, 
Rheumatism, Diabetes, Bright's Disease, etc. 4th £<iition. I3.00 



HEADACHES. 

DAY. On Headaches. The Nature, Causes, and Treatment ot 
Headaches. 4th Edition. Illustrated. $x.oo 



HEALTH AND DOMESTIC MEDI- 
CINE (see also Hygiene and Nursing). 

BUCKLEY. The Skin in Health and Disease. lUus. .40 

BURNETT. Hearing and How to Keep It. Illustrated. .40 

COHEN. The Throat and Voice. Illustrated. .40 

DULLES. Emergencies. 4th Edition. Illustrated. $x.oo 
HARLAN. Eyesight and How to Care for It. Illustrated. .40 

HARTSHORNS. Our Homes. Illustrated. .40 

OSGOOD. The Winter and its Dangers. .40 

PACKARD. Sea Air and Bathing. .40 

PARKBS. The Elements of Health. $1.35 

RICHARDSON. Long Life and How to Reach It. .40 

WESTLAND. The Wife and Mother. Ix.50 

WHITE. The Mouth and Teeth. Illustrated. .40 

WILSON. The Summer and its Diseases. .40 

WOOD. Brain Work and Overwork. .40 

STARR. Hygiene of the Nursery. 5th Edition. $x.oo 

CANPIBLD. Hygiene of the Sick-Room. $1.25 

HEART. 

SANSOM. Diseases of the Heart. The DiagnosU and Pathology 
of Diseases of the Heart and Thoracic AorU. With Plates and other 
Illustrations. $6.00 

HISTOLOGY. 

STIRLING. Outlines of Practical Histology. 368 Illustrations, 
ad Edition, Revised and Enlarged. With new Illustrations. $2.00 

8T5hR. Histology and Microscopical Anatomy. Translated 
and Edited by A. Schapvr. if .d.. Harvard Medical School. Second 
Edition, Revised and Enlarged. 292 Illustrations. ^3*oo 
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HYGIENE AND WATER ANALYSIS. 

Special Cataicgu* of Books on Hygiene sent free npon applieatUn. 

CANFIELD. Hys^iene of the Sick-Room. A Book for Nunes 
and Others. Being a Brief Consideration of Asepsis, AntisefNiis, Dis- 
infection, Bacteriology, Immunity, Heating and Ventilktion, and 
Kindred Subjects. $1.35 

COPLIN AND SEVAN. Practical Hygiene. A Complete 
American Text-Book. 138 Illustrations. Cloth, $3.35; Sheep, ^.35 

FOX. Water, Air, and Pood. Sanitary Examinations of Water, 
Air, and Food, xoo Engravings, ad Edition, Revised. $3*50 

KENWOOD. Public Health Laboratory Work. xi6 lUostra- 
tions and 3 Plates. $a.oo 

LEPPMANN. Examination of Water for Sanitary and 
Technical Purposes. 3d Edition. Illustrated. $1.35 

LEPPMANN. Analysis of Milk and Milk Products. lUus- 
trated. $1.35 

LINCOLN. School and Industrial Hygiene. .40 

MACDONALD. Microscopical Examinations of Water and 
Air. 35 Lithographic Plates, Reference Tables, etc. sd Ed. $3.50 

McNEILL. The Prevention of Epidemics and the Construc- 
tion and Management of Isolation Hospitals. Numerous Plans 
and Illustrations. $3<5o 

HOTTER AND PIRTH. The Theory and Practice of Hygiene, 
(Beine the 9th Edition of Parkes' Practical Hygiene, rewritten and 
brougnt up to date.) xo Plates and X35 other Illustrations. 1034 
pages. 8vo. $7«oo 

PARKES. Hygiene and Public Health. By Louis C. Parkes, 
M.D. 5th Edition. Enlarged. Illustrated. I3.50 

PARKES. Popular Hygiene. The Elements of Health. A Book 
for Lay Readers. Illustrated. $x>s5 

STARR. The Hygiene of the Nursery^. Including the General 
Regimen and Feeding of Infants and Children, and the Domestic 
Management of the Ordinary Emergencies of Early Life, Massage, 
etc. 6th Edition. 25 Illustrations. $x.oo 

STEVENSON AND MURPHY. A Treatise on Hygiene. By 
Various Authors. In Three Octave Volumes. Illustrated. 

Vol. I, $6.00; Vol. II, I6.00; Vol. Ill, $5.00 
*«* Each Volume sold separately. Special Circular upon application. 

WILSON. Hand-Book of Hyi^iene and Sanitary Science. 
Wiih Illustrations. 8th Edition. Preparing. 

WEYL. Sanitary Relations of the Coal-Tar Colora. Author- 
ized Translation by Hbnry Lbffmann, m.d., ph.d. $1.35 

%* special Catalogue 0/ Books on Hygiene free nPon application. 

LUNGS AND PLEURA. 

HARRIS AND BEALE. Treatment of Pulmonary Consump- 
tion. $3.50 

POWELL. Diseases of the Lungs and PleurK, includinir 
Consumption. Colored Plates and other Illus. 4th Ed. $4.00 

TUSSEY. High Altitudes in the Treatment of Consumption. 

^x.so 
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MASSAGE. 

KLSBN. HaDd-Book of Maasajre. Authorized translation bv 
MussBT Hartwbll, M.D., PH.D. With an Introduction by Dr. S. 
Wbir Mitch bll. Illustrated by a series of Photographs Made 
Especially by Da. Klbbn for the American Edition. I^.as 

MURRBLL. Maraotherapeutica. Massage as a Mode of Treat- 
ment. 6th Edition. In Prest, 

OSTROM. Maaaage and the Oririaal Swediah Move- 
meDtB. Their Application to Various Diseases of die Body. A 
Manual for Students, Nurses, and Physicians. Third Edition, En- 
larged. 94 Wood Engravings, many of which are original. $z.oo 

WARD. Notes on Maasage. Interleaved. Paper cover, $i .00 

MATERIA MEDICA AND THERA- 
PEUTICS. 

ALLBN, HARLAN. HARTB, VAN HARLINQBN. A 
Hand-Book of Local Therapeutics, Being a Practical Description 
of all those Agents Used in the Local Treatment of Diseases of the 



Applying Them. Cloth, $3.00 ; Sneep, $4.00 

BIDDLB. Materia Medica and Therapeutica. Including Dose 
List, Dietary for the Sick, Table of Parasites, and Memoranda ot 
New Remedies. 13th Edition, Thoroughly Revised in accord- 
ance with the new XS. S. P. 64 Illustrations and a Qinical Index. 

Cloth, ^00; Sheep, $5.00 
BRACKEN. Outlines of Materia Medica and Pharmacology. Ia.75 
DAVIS. Materia Medica and Prescription Writing. Ix.50 
FIELD. Bvacuant Medication. Cathartics and Emetics. $2.75 

QORQAS. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 6th Edition, Revised. $4.00 

QROFP. Materia Medica for Nurses. . $1.35 

HELLBR. Essentials of Materia Medica, Pharmacy, and 

Prescription Writing. $i-5o 

MAYS. Theine in the Treatment of Neuraliria. % bound, .50 

NAPHBY8. Modern Therapeutica. oth Revised Edition, En- 
lanred and Improved. In two handsome volumes. Edited by Alx.bh 
I. Smith, m.d., and J. Aubrbt Davis, m.d. 

Vol. I. General Medicine and Diseases of Children. $4*oo 

Vol. II. General Surgery, Obstetrics, and Diseases of Women. ^.00 

POTTER. Hand-Book of Materia Medica, Pharmacy, and 
Therapeutics, including the Action of Medicines, Special Therapeu- 
tics, Pharmacology, etc., including over 600 Prescriptions and For- 
muuB. 6th Edition, Revised and Enlarged. With Thumb Index in 
each copy. Cloth, I4.50; Sheep, ^5.50 

POTTER. Compend of Materia Medica, Therapeutica, and 
Prescription Writing, with Special Reference to the Physiologi- 
cal Action of Drugs. 6tn Revised and Improved Edition, based upon 
the U. S. P. 1890. • .80; Interleaved, $1.95 
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SAYRB. Organic Materia Medica and Pharmacognosy. An 
Introduction to the Study of the Vegetable Kingdom and the Vege- 
table and Animal Drugs. Comprising the Botanical and Physical 
Characteristics. Source, Constituents, and Pharmacopeial Prepara- 
tions. With cnapters on Synthetic Organic Remedies, Insects In- 
jurious to Drt^s, and Pharmacal Botany. A Glossary and 543 Illus- 
trations, many of which are original. #4*00 

WARING. Practical Therapeutics. 4th Edition, Revised and 
Rearranged. Cloth, |a.oo ; Leather, $3.00 

WHITE AND WILCOX. Materia Medica, Pharmacy, Phar- 
macology, and Therapeutics. 4th American Edition, Revised by 
Rbtnold W. Wilcox, m.a., m.d., ll.d. Clo., $3.00; Lea., $3.50 



MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. 

REESE. Medical Jurisprudence and Toxicology. A Text-Book 
for Medical and Leeal Practitioners and Students. 5th Edition. 
Revised by Hbnrt Lbffmann, m.d. Qo.,$3.oo; Leather, $3.50 

*' To the student of medical jurisprudence and toxicology it is in- 
valuable, as it is concise, clear, and thorough in every respect." — The 
American Journal o/tht Medical Sciences, 

MANN. Forensic Medicine and Toxicology. Illus. ^.50 

MURRELL. What to Do in Cases of Poisoning. 7th 

Edition, Enlarged. $x.oo 

TANNEIr. Memoranda of Poisons. Their Antidotes and Tests. 
7th Edition. .75 

MICROSCOPY. 

BEALE. The Use of the Microscope in Practical Medicine. 
For Students and Practitioners, with Full Directions for Examining the 
Various Secretions, etc., by the Microscope. 4th Ed. 500 Illus. ^6.50 

BEALE. How to Work with the Microscope. A Complete 
Manual of Microscopical Manipulation, containing a Full Description 
of many New Processes of Investigation, with Directions for Examin- 
ing Objects Under the Highest Powers, and for Taking Photographs 
of Microscopic Objects. 5th Edition. 400 Illustrations, many of 
them colored. ^6.50 

CARPENTER. The Microscope and Its Revelations. 8th 
Edition. 800 Illustrations and many Lithographs. Preparing* 

LEE. The Microtomist's Vade Mecum. A Hand-Book of 
Methods of Microscopical Anatomy. 887 Articles. 4th Edition, 
Enlarged. I4.00 

M ACDONALD. Microscopical Examinations of Water and Air. 
95 Lithographic Plates, Reference Tables, etc. ad Edition. #3.50 

REEVES. Medical Microscopy, including Chapters on Bacteri- 
ology, Neoplasms, Urinary Examination, etc. Numerous Illus- 
trations, some of which are printed in colors. ^.50 

WETHERED. Medical Microscopy. A Guide to the Use of the 
Microscope in Practical Medicine, xoo Illustrations. $9.00 
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MISCELLANEOUS. 

BLACK. Micro-Organisms. The Formation of Poisons. A 
Biological Study of the Germ Theory of Disease. .75 

BURNBTT. Poods and Dietaries. A Manual of Clinical Diet- 
etics. ad Edition. $1.50 

GOULD. Borderland Studies. Miscellaneous Addresses and 
Essays, xamo. ^.00 

QOWBRS. The Dynamics of Life. .75 

HAIO. Causation of Disease by Uric Acid. A Contribution to 
the Pathology of High Arterial Tension, Headache, Epilepsy, Gout, 
Rheumatism, Diabetes, Bright's Disease, etc. 4th Edition. $3.00 
HAIO. Diet and Pood. Considered in Relation to Strength and 
Power of Endurance. Jtut Ready. %\.qo 

HARB. Mediastinal Disease. Illustrated by six Plates. ^.00 
HBMMETBR. Diseases of the Stomach. Their Special Path- 
ology, Diagnosis, and Treatment. With Sections on Anatomy, Diet- 
etics, Surgery, etc. Illustrated. Clo. ^.00; Sh. $7.00 
HBNRY. A Practical Treatise on Anemia. Hali Cloth, .50 
LBPPMANN. The Coal-Tar Colors. With Special Reference to 
their Injurious Qualities and the Restrictions of their Use. A Trans- 
lation of Thbodorb Wbvl's Monograph. $1.25 
MARSHALL. History of Woman's Medical College of Penn- 
sylvania. |i-50 
NEW SYDENHAM SOCIETY'S PUBLICATIONS. Circulars 
upon application. Per Annum, ^.00 
TREVES. Physical Education : Its Effects, Methods, Etc. .75 
LIZARS. The Use and Abuse of Tobacco. .40 
PARRISH. Alcoholic Inebriety. $x.oo 
ST. CLAIR. Medical Latin. $x.oo 
SCHREINER. Diet Lists. Pads of 50. .75 ' 

NERVOUS DISEASES. 

BEEVOR. Diseases of the Nervous System and their Treat- 
ment. Juti Ready. $950 

QORDINIER. The Gross and Minute Anatomy of the Cen- 
tral Nervous System. With many original Illustrations. 

Preparing^. 

GOWERS. Manual of Diseases of the Nervous System. A 
Complete Text-Book, sd Edition, Revised, Enlarged, and in many 
parts Rewritten. With many new IllustnUions. Two volumes. 
Vol. I. Diseases of the Nerves and Spinal Cord. Clo. $3.00 ; Sh. I4.00 
Vol. II. Diseases of the Brain and Cranial Nerves ; General and 
Functional Disease. Cloth, I4.00 ; Sheep, $5.00 

GOWERS. Syphilis and the Nervous System. $x.oo 

GOWERS. Diagnosis of Diseases of the Brain, sd Edition. 
Illustrated. $1.50 

GOWERS. Clinical Lectures. A New Volume of Essays on the 
Diagnosis, Treatment, etc., of Diseases of the Nervous System. $3.00 

GOWERS. Epilepsy and Other Chronic Convulsive Diseases, 
ad Edition. In Press 

HORSLEY. The Brain and Spinal Cord. The Structure and 
Functions of. Numerous Illustrations. f3>50 
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OBBRSTBINER. The Anatomy of the Central Nervous Or- 
gans. A Guide to the Study of their Structure in Health and Dis- 
ease. 198 Illustrations. $S-50 

ORMBROD. Diseases of the Nervous System. 66 Wood En- 
gravings. $1.00 

OSLBR. Cerebral Palsies of Children. A Clinical Study. $a.oo 

OSLER. Chorea and Choreiform Affections. $3.00 

PRESTON. Hysteria and Certain Allied Conditions. Their 
Nature and Treatment. Illustrated. ^.00 

WATSON. Concussions. An Experimental Study of Lesions Aris- 
ing from Severe Concussions. Paper cover^ $1.00 

WOOD. Brain Work and Overwork. .40 

NURSING. 

S^ciai OUali^ut of Books for Nurses sent /rt* upon appiicaiian. 
BROWN. Elementary Physiology for Nurses. .75 

CANPIELD. Hygiene of the Sick-Room. A Book for Nurses and 
Others. Beine a Brief Consideration of Asepsis, Antisepsis, Disinfec- 
tion^ Bacteriology. Immunity, Heating and Ventilation, and Kindred 
Subjects for the Use of Nurses and Other Intelligent Women. %xA% 
CULLINGWORTH. A Manual of Nursing, Medical and Sur- 
gical. 3d Edition with Illustrations. .75 

CULLINGWORTH. A Manual for Monthly Nurses. 3d Ed. .40 
CUFP. Lectures to Nurses on Medicine. New Ed. $1.35 

DOMVILLB. Manual for Nurses and Others Engaged in At- 
tending the Sick. 8th Edition. With Recipes for Sick-room Cook- 
ery, etc. .75 
PULLERTON. Obstetric Nursing. 40 Ills. 4th Ed. $x.oo 
PULLBRTON. Nursing in Abdominal Surgery and Diseases 
of Women. Comprising the Regular Course of Instruction at the 
Training-School of the Women's Hospital, Philadelphia. 2d Edition. 
70 Illustrations tz.50 
GROFF. Materia Medica for Nurses. With Questions for Sclf-Ex- 
amination and a very complete Glossary. $1.25 
HUMPHREY. A Manual for Nurses. Including General 
Anatomy and Physiology, Management of the Sick Room, etc. 
i6th Ed. Illustrated. $1.00 
SHA WE. Notes for Visiting Nurses, and all those Interested 
in the Working and Organization of District, Visiting, or 
Parochial Nurse Societies. With an Appendix Explaining the 
Organization and Working of Various Visiting and District Nurse So- 
cieties, by Hblrn C. Jbnks, of Philadelphia. $1.00 
STARR. The Hygiene of the Nursery. Including the General 
Regimen and Feeding of Infants and Children, and the Domestic Man- 
agement of the Ordinary Emergencies of Early Life, Massage, etc. 6th 
Edition. 95 Illustrations. Just Ready. $1.00 
TEMPERATURE AND CLINICAL CHARTS. See page 6. 
VOSWINKBL. Surgical Nursing. 11 x Illustrations. $z.oo 
WARD. Notes on Massage. Interleaved. Paper cover, $1.00 

OBSTETRICS. 

BAR. Antiseptic Midwifery. The Principles of Antiseptic Meth- 
ods Applied to Obstetric Practice. Authorized Translation by 
HtofRT D. Fry, m.d., with an Appendix by the Author. $z.oo 
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CAZBAUX AND TARNIER. Midwifery. With Appendix by 
MuND*. The Theory and Practice of Obstetrics, including the Dis- 
eases of Pregnancy and Parturition, Obstetrical Operations, etc. 
8th Edition. Illustrated by Chromo-Lithographs, LiUiographs, and 
other full-page Plates, seven of which are beautihilly colored, and 
numerous Wood Engravings. Cloth, I4.50 ; Full Leather, $5.50 

DAVIS. A Manual of Obstetrics. Being a Complete Manual for 
Physicians and Students. 3d Enlarged and Revised Edition. With 
Colored and many other Illustrations. In Prest. 

JBLLETT. The Practice of Midwifery. Illustrated. $1.75 

LANDIS. Compend of Obstetrics. 6th Edition, Revised by Wic. 
H. Wrlls, Assistant Demonstrator of Clinical Obstetrics, Jefferson 
Medical College. With 47 Illustrations, .80; Interleaved, $1.25. 

SCHULTZB. Obstetrical Diagrams. Beinz a series of 30 Col- 
ored Lithograph Charts, Imperial Map Size, of Pregnancy and Mid- 
wifery, wiUi accompanying explanatory (German) text illustrated 
by Wood Cuts, ad Revised Edition. 

Price in Sheets, $26.00 ; Mounted on Rollers, Muslin Backs, $36.00 

STRAHAN. Extra-Uterine Pregnancy. The Diagnosis and 
Treatment of Extra-Uterine Pregnancy. .75 

WINCKEL. Text-Book of Obstetrics, Including the Pathol- 
ogy and Therapeutics of the Puerperal State. Authorized 
Translation by J. Clifton Edgar, a.m., m.d. With nearly aoo Illus- 
trations. Cloth, $5x>o; Leather, $6u>o 

PULLBRTON. Obstetric Nursing. 4th Ed. lUustrated. $1.00 

SHIBATA. Obstetrical Pocket-Phantom with Movable Child 
and Pelvis. Letter Press and Illustrations. $1.00 

PATHOLOGY. 

BARLOW. General Pathology. 795 pages. Svo. $5.00 

BLACKBURN. Autopsies. A Manual of Autopsies Designed for 
the Use of Hospitals for the Insane and other Public Institutions. 
Ten full-page Plates and other Illustrations. $'^-^S 

BLODGETT. Dental Pathology. By Albbrt N. Blodgbtt. 
M.D., late Professor of Pathology and Therapeutics, Boston Dentad 
College. 33 Illustrations. ti'^S 

COPLIN. Manual of Pathology. Including Bacteriology, Technic 
of Post-Mortems, Methods of Pathologic Research, etc. 265 Illus- 
trations, many of which are original. i2mo. ^3*oo 

GILLIAM. Pathology. A Hand-Book for Students. 47 Illus. .75 

HALL. Compend of General Pathology and Morbid Anatomy. 
91 very fine Illustrations. ad Edition. .80 ; Interleaved, ^.25 

HEWLETT. Manual of Bacteriology. 75 Illustrations. Just 
Ready. fe.oo 

VIRCHOW. Post-Mortem Examinations. A Description and 
Explanation of the Method of Performing Them in the Dead House 
of the Berlin Charity Hospital, with Special Reference to Medico- 
Legal Practice. 3d Edition, with Additions. .75 

WHITACRE. Laboratory Text-Book of Pathology. With 
I2X Illustrations. Just Ready. $^.y> 

PHARMACY. 

Special Caialogu* of Books on Pharmacy sent free u^on a^licatiou 
COBLENTZ. Manual of Pharmacy. A New and Complete 

Text-Book by the Professor in the New York College of Pharmacy. 

sd Edition, Revised and Enlarged. 437 Illus. Cloth, $3.50 ; Sh., I4.50 
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BBASLBY. Book of 3100 Prescriptions. Collected from the 
Practice of the Most Eminent Physicians and Surgeons— English, 
French, and American. A Compendious History ot the Materia 
Medica, Lists of the Doses of all the Officinal and Established Pre- 
parations, an Index of Diseases and their Remedies. 7th Ed. $3.00 

BBASLEY. Druggists* Qeneral Receipt Book. Comprising 
a Copious Veterinary Formulary, Recipes in Patent and Proprietary 
Medicines, Druggists' Nostrums, etc. ; Perfumery and Cosmetics, 
Beverages, Dietetic Articles and Condiments, Trade Chemicals, 
Scientific Processes, and many Useful Tables, xoth Ed. $9.00 

BBASLEY. Pocket Formulary. A Synopsis of the British and 
Foreign Pharmacopoeias. Comprising Standard and Approved 
Formulae for the Preparations and Compounds Employed in Medical 
Practice. 12th Edition. In Pres*. 

PROCTOR. Practical Pharmacy. Lectures on Practical Phar- 
macy. With Wood Engravings and 33 Lith^n^phic Fac-simile 
Prescriptions. 3d Edition, Revised, and with Elaborate Tables of 
Chemical Solubilities, etc. $3*00 

ROBINSON. Latin Grammar of Pharmacy and Medicine. 
sd Edition. With elaborate Vocabularies. $z-75 

SAYRB. Organic Materia Medica and Pharmacognosy. An 
Introduction to the Study of the Vegetable Kinsrdom and the Vege- 
table and Animal Drugs. Comprising the Botanical and Physical 
Characteristics, Source, Constituents, and Pharmacopeial Prepar- 
ations. With Chapters on Synthetic Organic Remedies, Insects 
Injurious to Drugs, and Pharmacal Botany. A Glossary and 543 
Illustrations, many of which are original. Cloth, I4.00; Sheep, $5.00 

SCOVILLE. The Art of Compounding. Second Edition, Re- 
vised and Enlarged. Cloth, ^.50; Sheep, $3.50 

STEWART. Compend of Pharmacy. Based upon " Reming- 
ton's Text-Book of Pharmacy." 5th Edition, Revised in Accord- 
ance with the U. S. Pharmacopoeia, 1890. Complete Tables of 
Metric and English Weights and Measures. .80; Interleaved, $1.25 

UNITED STATES PHARMACOPCBIA. xSgo. 7th Decennial 
Revision. Cloth, $2.50 (postpaid, $3.77); Sheep, $3.00 (postpaid, 
$3.27): Interleaved, $4.00 (postpaid, $4.50); Printed on one side of 
page only, unbound, $3.50 (postpaid, ^3.90). 

Select Tables from the U. S. P. (1890). Being Nine of the Most 
Important and Useful Tables, Printed on Separate Sheets. Care> 
fully put up in patent envelope. .25 

POTTER. Hand-Book of Materia Medica, Pharmacy, and 
Therapeutics. 600 Prescriptions and Formulae. 6th Edition. 

Cloth, |4 50; Sheep, I5.50 

*** special Catalogue qf Bo^ks on Pharmacy free upon application, 

PHYSICAL DIAGNOSIS. 

BROWN. Medical Diagnosis. A Manual of Clinical Methods. 
4th Ed. 112 Illnstrations. Just Ready, Cloth, $2.25 

FEN WICK. Medical Diagnosis. 8th Edition. Rewritten and 
very, much Enlarged. 135 Illustrations. * Cloth, $2.50 

TYSON. Hand-Book of Physical Diagnosis. For Students and 
Physicians. By the Professor of Clinical Medicine in the University 
of Pennsylvania. lUus. 3d Ed., Improved and Enlarged. With 
Colored and other Illustrations. Jtist Ready. |x«50 

MEMMINQER. Diagnosis by the Urine. 23 lUus. $1.00 
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PHYSIOLOGY. 

BRUBAKER. Compend of Physiology. 8th Edition, Revised 
and Enlarged. Illustrated. .80; Interleaved, $1.95 

KIRKB. Physiology. (14th Authorized Edition. Dark-Red Qoth.) 
A Hand- Book of Physiology. X4th Edition, Revised and Enlarged. 
By Prof. W. D Halliburton, of King^ College, London. 66x 
Illustrations, some of which are printed in colors. 

Cloth, $3.00 ; Leather, $3.75 

LANDOIS. A Text-Book of Human Physiology, Including 
Histology and Microscopical Anatomy, with Special Reference to 
the Requirements of Practical Medicine, sth American, translated 
from the 9th German Edition, with Additions by Wic. Stirling, 
M.D.,D.sc. 84s lUus., many of which are printed in colors. In Press. 

STARLING. Elements of Human Physiology. 100 Ills. $1.00 

STIRLING. Outlines of Practical Physiology. Including 
Chemical and Experimental Physiology, with Special Reference to 
Practical Medicine. 3d Edition. 289 Illustrations. fa .00 

TYSON. Cell Doctrine. Its History and Present State. Ix.50 

YBO. Manual of Physiology. A Text-Book for Students of 
Medicine. By Gbrald F. Ybo, m.d., f.r.cs. 6th Edition. 354 
Illustrations and a Glossary. Cloth, $3.50; Leather, I3.00 

PRACTICE. 

BEALB. On Slight Ailments ; their Nature and Treatment. 

ad Edition, Enlarged and Illustrated. li'SS 

CHARTERIS. Practice of Medicine. 6th Edition. ^.00 

FOWLER. Dictionary of Practical Medicine. By various 

writers. An Encyclopaedia of Medicine. Clo., $3.00; Half Mor. $4.00 

HUGHES. Compend of the Practice of Medicine. 5th Edition, 

Revised and Enlarged. 

Part I. Continued, Eruptive, and Periodical Fevers, Diseases of the 
Stomach, Intestines, Peritoneum, Biliary Passages, Liver, Kid- 
neys, etc., and General Diseases, etc. 
Part II. Diseases of the Respiratonr System, Circulatory System, 
and Nervous System; Diseases of the Blood, etc. 

Price of each part, .80; Interleaved, $1.35 
Physician's Edition. In one volume, including the above two 
parts, a Section on Skin Diseases, and an Index. 5th Revised, 
Enlarged Edition. 568 pp. Full Morocco, Gilt Edge, $3.35 

ROBERTS. The Theory and Practice of Medicine. The 
Sections on Treatment are especially exhaustive. 9th Edition, 
with Illustrations. Cloth, $4.50; Leather, $5.50 

TAYLOR. Practice of Medicine. 5th Edition. Cloth, $4.00 

TYSON. The Practice of Medicine. By J[ambs Tyson, m.d.. 
Professor of Clinical Medicine in the University of Pennsylvania. 
A Complete Systematic Text-book with Special Reference to Diag- 
nosis and Treatment. Illustrated. 8vo. 

Cloth, $5.50 ; Leather, $6.50 ; Half Russia, $7.50 

PRESCRIPTION BOOKS. 

BEASLBY. Book of 3100 Prescriptions. Collected from the 
Practice of the Most Eminent Physicians and Surgeons — English, 
French, and American. A Compendious History of the Materia, 
Medica, Lists of the Doses of all Officinal and Established Prepara- 
tions, and an Index of Diseases and their Remedies. 7th Ed. $3.00 
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BBASLBY. Druggists* General Receipt Book. Comprising 
a Copious Veterinary Formulary, Recipes in Patent and Propria 
tary Medicines, Druggists' Nostrums, etc. ; Perfumery and Cos- 
metics, Beverages, Dietetic Articles and Condiments, Trade Chem- 
icals, Scientific Processes, and an Appendix of Useful Tables. 
lOth Edition, Revised. |3.oo 

BEASLEY. Pocket Formulary. A Synopsis of the British and 
Foreign Pharmacopoeias. Comprising Standard Formulae for the 
various Preparations and Compounds, ixth Edition. Cloth, ^.oo 

FEREIRA. Prescription Book. Containing Lists of Phrases 
and Abbreviations Used in Prescriptions, Grammatical Construction 
of Prescriptions, etc. i6th EUiition. Cloth, .75 ; Tucks, $1.00 

WYTHE. Dose and Symptom Book. Containing the Doses and 

Uses of all the Principal Articles of the Materia Medica. 17th Ed. 

Cloth, .75 ; Leather, with Tucks and Pocket, $z.oo 

SKIN. 

BULKLEY. The Skin in Health and Disease. Illustrated. .40 

CROCKER. Diseases of the Skin. Their Description, Pathol- 

oey, Diagnosis, and Treatment, with Special Reference to the Skin 

Eruptions of Children. 9a Illus. sd Edition. Cloth,|4.50; Sh.,$5.5o 

IMPEY. Leprosy. 37 Plates. 8vo. $3.50 

SCHAMBERG. Diseases of the Skin. 99 Illustrations. Being 

No. 16? Quiz-Compend ? Series. Cloth, .80; Interleaved, $i.as 

VAN HARLINQEN. On Skin Diseases. A Practical Manual 

of Diagnosis and Treatment, with special reference to Differential 

Diagnosis. 3d Edition, Revised and Enlarged. With Formulae 

and 60 Illustrations, some of which are printed in colors. $3.75 

SURGERY AND SURGICAL DIS- 
EASES. 

CAIRD AND CATHCART. Surgical Hand-Book. 5th Edition, 
Revised. x88 Illustrations. Full Red Morocco, $3.50 

CRIPPS. Ovariotomy and Abdominal Surgery. Illus. $8.00 

DEAVER. Appendicitis, Its Symptoms, Diagnosis, Pathol- 
ogy, Treatment, and Complications. Elaborately Illustrated 
with Colored Plates and other Illustrations. Cloth, $3.50 

DEAVER. Surgical Anatomy. With aoo Illustrations, Drawn by a 
Special Artist from Directions made for the Purpose. In Preparation. 

DULLES. What to Do First in Accidents and Poisoning. 
5th EUiition. New Illustrations. |i.oo 

HACKER. Antiseptic Treatment of Wounds, According to 
the Method in Use at Professor Billroth's Clinic, Vienna. .50 

HAMILTON. Lectures on Tumors, from a Clinical Stand- 
point. Third Edition, Revised, with New Illustrations. $1.35 

HEATH. Minor Surgery and Bandaging. loth Ed., Revised 
and Enlarged. 158 Illustrations, 63 Formulae, Diet List, etc. $1.35 

HEATH. Injuries and Diseases of the Jaws. 4th Edition. 
187 Illustrations. l4-5o 

HEATH. Lectures on Certain Diseases of the Jaws. 6^ Illus- 
trations. Boards, .50 

HORWITZ. Compend of Surgery and Bandaging, including 
Minor Surgery, Amputations, Fractures, Dislocations, Surgical Dis- 
eases, and the Latest Antiseptic Rules, etc., with Differential Diagno- 
sis and Treatment, sth Edition, very much Enlarged and Rear- 
ranged. X67 Illustrations, 98 Formulae. Clo., .80 ; Interleaved, $1.35 
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JACOBSON. Operations of Surgery. Over eoo lUustrations. 

Cloth, $3.00 ; Leather, ^.00 

JACOBSON. Diseases of the Male Organs of Generation. 

88 Illustrations. $6.00 

MACRBADY. A Treatise on Ruptures. 94 Full-page Litho- 

graphed Plates and Numerous Wood Engravings. Cloth, $6.00 

MAYLARD. Surgery of the Alimentary Canal. 134 lllus. I7.50 

MOULLIN. Text-Book of Surgerv. With Special Reference to 
Treatment. 3d American Edition. Revised and edited by John B. 
Hamilton, m .d., li..d.. Professor of the Principles of Surgery and 
Clinical Surgery, Rush Medical College, Chicago. 623 Illustrations, 
over 300 of which are original, and many of which are printed in 
colors. Handsome Cloth, $6.00 ; Leather, I7.00 

" The aim to make this valuable treatise practical by giving special 

attention to questions of treatment has been admirably carried out. 

Many a reader will consult the work with a feeling of satisfaction that 

his wants have been understood, and that they have been intelligently 

met." — The American Journal of Medical Science, 

ROBERTS. Fractures of the Radius. A Clinical and Patho- 
logical Study. 33 Illustrations. $1.00 

SMITH. Abdominal Surgery. Being a Systematic Description ot 
all the Principal Operations. 234 lllus. 6th Ed. 3 Vols. Clo., |io.oo 

SWAIN. Surgical Emergencies. Fifth Edition. Cloth, $1.75 

VOSWINKEL. Surgical Nursing, iii Illustrations. $1.00 

WALSH AM. Manual of Practical Surgery. 5th Ed., Re- 
vised and Enlarged. With 380 Engravings. Clo., $2.00; Lea., I3.50 

WATSON. On Amputations of the Extremities and Their 
Complications. 250 Illustrations. |5-50 

THROAT AND NOSE (see also Ear). 
COHEN. The Throat and Voice. Illustrated. .40 

HALL. Diseases of the Nose and Throat. Two Colored 

Plates and 59 Illustrations. |9«5o 

HOLLOPETER. Hay Fever. Its Successful Treatment. $1.00 
HUTCHINSON. The Nose and Throat. Including the Nose, 

Naso-Pharynx, Pharynx, and Larynx. Illustrated by Lithograph 

Plates and 40 other Illustrations. 2d Edition. In Press, 

MACKENZIE. Pharmacopoeia of the London Hospital for 
Dis. of the Throat. 5th Ed., Revised by Dr. F. G. Harvey. $1.00 

McBRIDE. Diseases of the Throat, Nose, and Ear. A Clinical 
Manual. With colored lllus. from original drawings. 2d Ed. $6.00 

POTTER. Speech and its Defects. Considered Physiologically, 
Pathologically, and Remedially. $x.oo 



URINE AND URINARY ORGANS. 

ACTON. The Functions and Disorders of the Reproductive 
Organs in Childhood, Youth, Adult Age, and Advanced Life, 
Considered in their Physiological, Social, and Moral Relations. 
8th Edition. $1.75 

ALLEN. Albuminous and Diabetic Urine. lllus. ^3.35 
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BROCKBANK. Qall Stones. ^2.95 

BEALE. Doe Hundred Urinary Deposits. On eight sheets, 
for the Hospital, Laboratory, or Surgery. Paper, |3.oo 

HOLLAND. The Urine, the Gastric Contents, the Common 
Poisons, and the Milk. Memoranda, Chemical and Microscopi- 
cal, for Laboratory Use. Illustrated and Interleaved. 5th Ed. $1.00 
MEMMINQER. Diagnosis hy the Urine. 33 Illus. $x.oo 

MOULLIN. Enlargement of the Prostate. Its Treatment and 
Radical Cure, ad Edition. Illustrated. In Prtss. 

MOULLIN. Inflammation of the Bladder and Urinary Fever. 
Octavo. Jtist Ready. $1.50 

THOMPSON. Diseases of the Urinary Organs. 8th Ed. $3.00 
TYSON. Guide to Examination of the Urine. For the Use of 
Physicians and Students. With Colored Plate and Numerous Illus- 
trations engraved on wood. 9th Edition, Revised. $z*35 
VAN NUYS. Chemical Analysis of Healthy and Diseased 
Urine, Qualitative and Quantitative. 39 Illustrations. $1.00 



VENEREAL DISEASES. 

COOPER. Svphilis. sd Edition, Enlarged and Illustrated with 

so full-page Plates. $5<oo 

GOWERS. Syphilis and the Nervous System. z.oo 

lACOBSON. Diseases of the Male Organs of Generation. 88 

Illustrations. ^.00 

VETERINARY. 

ARMATAGE. The Veterinarian's Pocket Remembrancer. 
Being Concise Directions for the Treatment of Urgent or Rare Cases, 
Embracing Semeiology, Diagnosis, Prognosis, Surgery. Treatment, 
etc. sd Edition. Boards, |z. 00 

BALLOU. Veterinary Anatomy and Physiology. 39 Graphic 
Illustrations. .80; Interleaved, $1.35 

TUSON. Veterinary Pharmacopoeia. Including the Outlines of 
Materia Medica and Therapeutics. 5th Edition. $^.95 

WOMEN, DISEASES OF. 

BYPORD (H. T.). Manual of Gynecology. Second Edition, 
Revised and Enlarged by 100 pages. With 341 Illustrations, many 
of which are from original' drawings. $3-oo 

BYFORD (W. H.). Diseases of Women. 4th Edition. 306 
Illustrations. Cloth, ^.00 

DUHRSSEN. A Manual of Gynecological Practice. 105 
Illustrations. ^z*5o 

LEWERS. Diseases of Women. 146 Illus. 5th Ed. ^3.50 

WELLS. Compend of Gynecology. Illus. .80; Interleaved, ^1.35 

PULLBRTON. Nursing in Abdominal Surgery and Diseases 
of Women, ad Edition. 70 Illustrations. $1.50 
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COMPENDS. 



.FVfMM The Scuthem CUnie, 

* We know of no series of books issued by any house that so fully 



our approval as these TQuiz-Compendsf. They are well ar- 
ranged, full, and concise, and are really the best line of text-books that 
coma he found for either student or practitioner." 



BLAKISTON'S PQUIZ-COMPENDS? 

The Beit Serioi of Manuali for the Uio of Students. 
Price of each, Cloth, .80. InteHeaved, for taking Notes, $1.25. 

49* These Compends are based on the most popular text-books 
and the lectures of prominent professors, and are kept constantly re- 
vised, so that they may thoroughly represent the present state of the 
subjtets upon which they treat. 

49* The authors have had large experience as Qujx-Masters and 
attaches of colleges, and are well acquainted with the wants of students. 

49* They are arranged in the most approved form, thorough and 
concise, containing over 6ao fine illustrations, inserted wherever they 
could be used to advantage. 

49* Can be used by students ot any college. 

49* They contain information nowhere else collected in such a 
condensed, practical shape. Illustrated Circular free. 

No. I. POTTER. HUMAN ANATOMY. Sixth Revised and 
Enlarged Edition. Including Visceral Anatomy. Can be used 
with either Morris's or Gray's Anatomy. X17 Illustrations and 16 
Lithographic Plates of Nerves and Arteries,- with Explanatory 
Tables, etc. By Samubl O. L. Pottbr, m.d.. Professor of the 
Practice of Medicine, Cooper Medical College, San Francisco ; late 
A. A. Surgeon, U. S. Army. 

No. a. HUGHES. PRACTICE OP MEDICINE. Part I. Fifth 
Edition, Enlarged and Improved. By Dakibl E. Hughbs, m.d., 
Physician-in-Chief, Philadelphia Hospital, late Demonstrator ot 
Clinical Medicine, Jefferson Medical College, Phila. 

No. 3. HUGHES. PRACTICE OF MEDICINE. Part II. 
Fifth Edition, Revised and Improved. Same author as No. a. 

No. 4. BRUBAKER. PHYSIOLOGY. Eighth Edition with 
new Illustrations and a table of Physiological Constants. Enlarged 
and Revised. By A. P. Brubaker, m.d.. Professor of Physiology 
and General Pathology in the Pennsylvania College of Dentau 
Surgery ; Demonstrator of Physiolc^^, Jefferson Medical CoU^e, 
Philadelphia. 

No. 5. LANDIS. OBSTETRICS. Sixth Edition. By Hbnrt G. 
Landis, m.d. Revised and Edited by Wm. H. Wblls, m.d.. 
Assistant Demonstrator of Obstetrics, Jefferson Medical College, 
Philadelphia. Enlarged. 47 Illustrations. 

No. 0. POTTER. MATERIA MEDICA, THERAPEUTICS, 
AND PRESCRIPTION WRITING. Sixth Revised Edition 
OJ. S. P. 1890). By Samubl O. L. Potibr, m.d.. Professor of 
Practice, Cooper Medical College, San Francisco ; late A. A. Sur^ 
geon, U. S. Army. 
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Wrlls, M.D., Assistant Demonstrator of Obstetrics, Jefferson 
College, Philadelphia. 150 Illustrations. 

No. 8. GOULD AND PYLE. DISEASES OP THE EYE 
AND REFRACTION. A New Book. Including Treatment 
and Surgery, and a Section on Local Therapeutics. By Gborgb 
M. Gould, m.d., and W. L. Pylk, m.d. With Formulae, Glossary, 
Tables, and 11 x Illustrations, several of which are Colored. 

No. 9. HORWITZ. SURGERY, Minor Surgery, and Bandag- 
ing. Fifth Edition, Enlarged and Improved. By Orvilxb 
HoRWiTZ, B. s^ M.D., Clinical Professor of Genito-Urinary Surgery 
and Venereal Diseases in Jefferson Medical College ; Surgeon to 
Philadelphia Hospital, etc. With 98 Formulae and 71 Illustrations. 

No. xo. LEFFMANN. MEDICAL CHEMISTRY. Fourth 
Edition. Including Urinalysis, Animal Chemistry, Chemistry of 
Milk, Blood, Tissues, the Secretions, etc. By Hrmrt Lbpfmann. 
M.D., Professor of Chemistry in Pennsylvania College of Dental 
Surgery and in the Woman's Medical College, Philadelphia. 

No. XX. STEWART. PHARMACY. Fifth Edition. Based upon 
Prof. Remington's Text-Book of Pharmacy. By F. E. Stbwart, 
M.D., PH. G., late Quiz-Master in Pharmacy and Chemistry, Phila- 
delphia College of Pharmacy; Lecturer at Jefferson Medical 
CoUege. Carefully revised in accordance with the new U. S. P. 

No. 13. BALLOU. VETERINARY ANATOMY AND PHY- 
SIOLOGY. Illustrated. By Wm. R. Ballou, m.d., Professor 
of Equine Anatomy at New York College of Veterinary Surgeons ; 
Physician to Bellevue Dispensary, etc. 09 graphic Illustrations. 

No. 13. WARREN. DENTAL PATHOLOGY AND DEN- 
TAL MEDICINE. Third Edition, Illustrated. Containing 
a Section on Emergencies. By Geo, W. Warrbn, d.d.s., Chiet 
of Clinical Staff, Pennsylvania College of Dental Surgery. 

No. XI. HATFIELD. DISEASES OF CHILDREN. Second 
Edition. Colored Plate. By Marcus P. Hatfibld, Profes- 
sor of Diseases of Children, Chicago Medical College. 

No. 15. HALL. GENERAL PATHOLOGY AND MORBID 
ANATOMY. 91 Illustrations. By H. Nbwbbrrt Hall, ph.g., 
m.d., late Professor of Pathology, Chicago Post-Graduate Medi- 
cal School. Second Edition. 

No. 16. DISEASES OF THE SKIN. By Jat T. Schambbrg, 
M.D., Instructor in Skin Diseases, Philadelphia Polyclinic. With 
99 handsome Illustrations. 

Price, each, Cloth, .80. Interleaved, for taking Notes, 11,25. 

In preparing, revising, and improving Blakiston's 7Qdiz-Com- 
PBNDS ? the particular wants of the student have always been kept in 
mind. 

Careful attention has been given to the construction of each sentence, 
and while the books will be found to contain an immense amount of 
knowledge in small space, they will likewise be found easy reading ; 
there is no stilted repetition of words ; the style is clear, lucid, and dis- 
tinct. The arrangement of subjects is systematic and thorough ; there 
is a reason for every word. They contain over 600 illustrations. 



Digitized by 



Google 



Tyson's 
Practice of 
Medicine. ZL^^S-. 



A Text- Book. of the Practice of Medi- 
cine. With Special Reference to Diagnosis 
- and Treatment. By James Tyson, m. d., 
Professor of Clinical Medicine in the Univer- 
sity of Pennsylvania; Physician to the Hos- 
pital of the University and to the Philadelphia 
Hospital ; Fellow of the College of Physicians 
of Philadelphia, etc. 



With Many Useful Illustrations. 

Octavo. 1180 Pages. 

Cloth, $5.50; Sheep, $6.50; Half Russia, $7.50. 



Extracts from a Review in the American Journal of 
Medical Sciences^ 

** Externally it is the largest and handsomest single volume 
on the practice of medicine." 

** Clinical features are usually described in a masterly way." 

"The directions (for treatment) are full and clear, and as 
a rule, eminently judicious and conservative." 

" Dr. Tyson's style is already so well known in medical 
literature that it is only necessary to say the present work is 
one of the best examples." 

**We welcome Dr. Tyson's Practice as a most valuable 
addition to medical literature." 

Descriptive circular and sample pages upon applicaiion. 
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